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(54) CATALYST FOR OLEFIN POLYMERIZATION AND METHOD OF POLYMERIZING OLEFIN 

(57) The present invention is intended to provide an olefin polymerization catalyst comprising a novel transition 
metal compound and having an excellent olefin polymerization activity and to provide a process for olefin polymeriza- 
tion using this catalyst. The olefin polymerization catalyst comprises a transition metal compound (A-1) represented by 
the formula (I) or a transition metal compound (A-2) represented by the formula (II), and optionally, at least one com- 
pound (B) selected from the group consisting of an organometallic compound (B-1), an organoaluminum oxy-com- 
pound (B-2) and a compound (B-3) which reacts with the transition metal compound (A-1) or (A-2) to form an ion pair. 




EP 0 990 664 A1 



wherein M is a transition metal atom of Group 3 to Group 11 of the periodic table; m in the formula (I) Is an integer of 1 
to 3. and m in the formula (II) is an Integer of 1 to 6; Q is -Ns or -C(R^=: A is -O-, -S-, -Se- or -N(R^)-; to R® are each 
a hydrogen atom, a hydrocartwn group or the like, and two or more of them may be bonded to form a ring; n is a number 
satisfying a valence of M; and X is a halogen atom, a hydrocarbon group or the like. 

Fig. 1 



Transition aietal conponent 




Ml trwuition Mtal atom oC Group 3 
to Oroup 11 of tha periodic table 

ffl: 1 - 3 

Q: -N=. -C(R*)o 

- r': H, hydrocarbon group, ate. 
nt nufldber satiaCylAg a valence of H 
Zi haloge^, l^droeactaoa group, etc. 



Organomotallic 



conqwnent 



Organonetalllc 



confound 



Olefis 



Organoalumiiram oxy-con^ound 



Ionising ionic compound 



Third component 

(Carrier) 



EP0 990 664A1 

Description 

TECHNICAL FIELD 

5 [0001 ] The present Inventicxi relates to olefin polymerization catalysts comprising a novel transition metal compound 
and to a process for olefin polymerization using the ol^in polymerization catalysts. 

BACKGROUND ART 

10 [0002] As olefin polymerization catalysts, "Kaminsky catalysts" are well (mown. The Kaminsky catalysts have 
extremely high polymerization activities, and by the use of them, polymers of narrow molecular weight distribution can 
be obtained. Transition metal compounds Known as employable for the Kaminsky catalysts are. for example, 
bis(cyclopentadienyl)zirconium dichloride (see Japanese Patent Laid-Open Publication No. 19309/1983) and ethyl- 
enebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride (see Japanese Patent Laid-Open Publication No. 130314/1986). 

IS It is also known that the olefin polymerization activities and the properties of the resulting polyolef ins greatly vary when 
different transition metal compounds are used in tiie polymerization. Recently, transition metal compounds having a (ig- 
and of diimine structure have been proposed as novel olefin polymerization catalysts (see International Patent Publica- 
tion No. 9623010). 

[0003] By the way, polyolefins generally have excellent mechanical properties, so that they are used in many fields 
20 such as fields of various molded products. hHowever, witii various requirements for the polyolefins, polyolefins of various 

properties have been desired in recent years. Moreover, increase of productivity has been also desired. 

[0004] Under such circumstances as mentioned above, tiiere has been desired development of olefin polymerization 

catalysts having excellent olefin polymerization activities and capable of producing polyolefins of excellent properties. 

[0005] The present invention has been made in view of such prior art as described above. It is an object of the inven- 
ts tion to provide an olefin polymerization catalyst comprising a novel transition metal compound and having an excellent 

olefin polymerization activity. It is another object of the invention to provide a process for olefin polymerization using the 

catalyst. 

DISCLOSURE OF THE INVENTION 

30 

[0006] The first embodiment of the olefin polymerization catalyst according to tiie invention comprises a transition 
metal compound (A-l) represented by the following formula (1): 



35 



40 




45 wherein M is a transition metal atom of Group 3 to Group 11 of the periodic table, 
m is an integer of 1 to 3. 

Q is a nitrogen atom or a carbon atom having a substituent R^. 

A is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^, 
50 to R^ may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocartxn group, a 

heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a boron-contain- 
ing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-con- 
taining group or a tin-containing group, two or more of them may be bonded to each other to form a ring, and when 
m is 2 or greater, R^s, R^s, R^s, R'^s, R^s, or R^s may be the same or different, and one group of R^ to R^ contained 
55 in one ligand and one group of R^ to R^ contained in other ligands may be bonded, 
n is a number satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-con- 
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taining group, a halogen-containing group, a heterocyclic compound residual group, a silicon-containing group, a 
germanium-containing group or a tin-containing group, and when n Is 2 or greater. Xs may be the same or different, 
and Xs may be bonded to each other to form a ring. 

5 [0007] The transition metal compound (A-1 ) represented by the formula (I) wherein Q is a carbon atom having a sub- 
stituent is represented by the following formula (l>a): 



10 



15 




(I-a) 



20 wherein M, m. A, to R^, n and X have the same meanings as those of M, m, A, R^ to R^, n and X in the formula (I). 
[0008] The transition metal compound (A-1 ) represented by the formula (I-a) is preferably a compound of the formula 
(I-a) wherein M Is a transition metal atom selected from Group 8 to Group 10 of the periodic table. Also preferable is a 
compound of the formula (I-a) wherein A is a nitrogen atom having a substituent R^ and is a halogen atom, a hydro- 
cartx)n group, a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a 

25 boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germa- 
nium-containing group or a tin-containing group. Further, a compound of the formula (I-a) wherein A is an oxygen atom 
Is also preferable. Furthermore, a compound of the formula (I-a) wherein A is a sulfur atom is also preferat)le. Moreover, 
a compound of the formula (I-a) wherein A is a selenium atom is also preferable. 

[0009] The transition metal compound (A-1) represented by the formula (I-a) wherein R^ and R^ are bonded to form 
30 an aromatic ring is represented t}y the following formula (I-b): 



35 



40 




(I-b) 



45 

wherein M, m, A, R\ R^, R^, R^, n and X have the same meanings as those of M, m. A, R^ . R^, R^, R®, n and X in the 
formula (I), 

R^ to have the same meanings as those of R^ to R^ in the formula (I), and 
50 R\ R^ and R^ to R^^ may be the same or different, two or more of them may be bonded to each other to form a 
ring, and when m is 2 or greater, R^s, R^s. R^s, R^s. R^s, R^. R^s. or R^^s may be the same or different, and one 
group of R\ R^ and R^ to R''° contained in one ligand and one group of H\ R^ and to R''° contained in other 
ligands may be bonded. 

55 [001 0] The transition metal compound (A-1 ) represented by the formula (I-b) is preferably a compound of the formula 
(I-b) wherein M is a transition metal atom selected from Group 8 to Group 10 of the periodic table. Also preferable is a 
compound of the formula (I-b) wherein A Is a nitrogen atom having a substituent R^ and R^ is a halogen atom, a hydro- 
cartx)n group, a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a 
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boron-containing group, a sulfur-oontaining group, a phospliorus-containing group, a silicon-containing group, a gernia- 
nium-containing group or a tin-containing group. Further, a compound of the tbrmula (l-b) wherein A is an oxygen atom 
is also preferal:)le. Furthermore, a compound of the formula (i-b) wherein A is a sulfur atom is also preferable. Moreover, 
a compound of the formula (l-b) wherein A is a selenium atom is also preferable. 

5 [001 1 ] The transition metal compound (A-1) represented by the formula (I) wherein Q is a nitrogen atom and and 
are bonded to form an aromatic ring is represented by the following formula (I-c): 




20 

wherein M, m. A, R^" , R^, R®, n and X have the same meanings as those of M, m, A, R^ , R^ R®, n and X In the formula 

(0. 

R^ to R^^ have the same meanings as those of R^ to R^ in the fomuila (I), and 
25 R^ and R^ to R^^ may be the same or different, two or more of them may be bonded to each other to form a ring, 
and when m is 2 or greater, R^s, R^s, R^s. R^s, R^s. R®s. or R^**s may be the same or different, and one group of 
R^ and R^ to R^^ contained in one ligand and one group of R^ and R^ to R^^ contained in other ligands may be 
bonded. 

30 [001 2] The transition metal compound (A-1 ) represented by the formula (I-c) is preferably a compound of the formula 
(I-c) wherein M is a transition metal atom selected from Group 3 to Group 5 and Group 8 to Group 10 of the periodic 
table. Also preferable is a compound of the formula (I-c) wherein A is a nitrogen atom having a substituent R^. Further, 
a compound of the formula (I-c) wherein A is an oxygen atom is also preferable. Furthermore, a compound of the for- 
mula (I-c) wherein A is a sulfur atom is also preferable. Moreover, a compound of the formula (I-c) wherein A is a sele- 

35 nium atom is also preferable. 

[001 3] The other embodiment of the olefin polymerization catalyst according to the invention comprises a transition 
metal compound (A-2) represented by the following formula (II): 



45 




(II) 



wherein M is a transition metal atom of Group 3 to Group 11 of the periodic table, 

mis an integer of 1 to 6, 
55 Q is a nitrogen atom or a cart)on atom having a substituent R^, 

A is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^, 

R^ to R^ and R^ may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocarbon 

group, a heterocyclic conrpound residual group, an oxygen-containing group, a nitrogen-containing group, a boron- 
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containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germa- 
nium-containing group or a tin-containing group, two or more of them may be bonded to each other to form a ring, 
and when m is 2 or greater, R^s, R^s, R^s, R'^s, or R^s may be the same or different, and one group of R^ to R^ 
and R^ contained in one ligand and one group of R^ to R^ and R^ contained in other ligands may be bonded. 

5 n is a number satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocartx>n group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-con- 
taining group, a halogen-containing group, a heterocyclic compound residual group, a silicon-containing group, a 
germanium-containing group or a tin-containing group, and when n is 2 or greater, Xs may be the same or different. 

10 and Xs may be bonded to each other to form a ring. 

[001 4] The transition metal compound (A-2) represented by the formula (il) wherein Q is a carbon atom having a sub- 
stituent R^ is represented by the following formula (ll-a): 

IS 



20 




wherein M, m, A, R^ to R^, R^, n and X have the same meanings as those of 1^, m, A, R"" to R^, R®, n and X in the for- 
mula (II). 

[001 5] The transition metal compound (A-2) represented by the formula (ll-a) is preferably a compound of the formula 
30 (ll-a) wherein M is a transition metal atom selected from the group consisting of titanium, zirconium and hafnium. Also 
preferable is a compound of the fornujla (ll-a) wherein A is a nitrogen atom having a substituent and R^ is a halogen 
atom, a hydrocartjon group, a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-contain- 
ing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing 
group, a germanium-containing group or a tin-containing group. Further, a compound of the formula (ll-a) wherein A is 
35 an oxygen atom is also preferable. Furthermore, a compound of the formula (ll-a) wherein A is a sulfur atom is also pref- 
erable. Moreover, a compound of the formula (ll-a) wherein A is a selenium atom is also preferable. 
[0016] The transition metal compound (A-2) represented by the formula (ll-a) wherein R^ and R^ are bonded to form 
an aromatic ring is represented by the following formula (ll-b): 




wherein M, m, A, R\ R^, R®, n and X have the same meanings as those of M, m, A. H\ R^. R^. n and X in the formula 
(II). 

when m is 1 . A is a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^. and when m Is 2 or 
greater, As may be the same or different, they are each an oxygen atom, a sulfur atom, a selenium atom or a nitro- 
gen atom having a substituent R^, and at least one A is a sulfur atom, a selenium atom or a nitrogen atom having 
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a substituent R^, 

to R^° have the same meanings as those of to R'* and R^ in the formula (II), and 
R\ and R^ to R^° may be the same or different, two or more of them may t>e bonded to each other to form a 
ring, and when m Is 2 or greater. R^s, R^s, R^s, R^s, R^s, R^s, or R^°s may be the same or different, and one group 
5 of R\ R^ and R^ to R^^ contained in one ligand and one group of R\ R^ and R^ to R"*^ contained In other ligands 
may be bonded. 

[001 7] The transition metal conpound ( A-2) represented by the formula (I l-b) is preferably a compound of the formula 
(ll-b) wherein M is a transition metal atom selected from the group consisting of titanium, zirconium and hafnium. Also 

10 preferable is a compound of the formula (ll-b) wherein A is a nitrogen atom having a substituent R^ and R^ is a halogen 
atom, a hydrocarbon group, a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-contain- 
ing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing 
group, a germanium-containing group or a tin-containing group. Further, a compound of the formula (ll-b) wherein A is 
an oxygen atom is also preferable. Furthermore, a conpound of the formula (ll-b) wherein A is a sulfur atom is also pref- 

15 erable. Moreover, a compound of the formula (ll-b) wherein A is a selenium atom is also preferable. 

[001 8] The transition metal compound (A-2) represented by the formula (I I) wherein Q is a nitrogen atom and R^ and 
R^ are bonded to form an aromatic ring is represented by the following formula (ll-c): 




wherein M, m, A. R^ , R^. n and X have the same meanings as those of M, m. A, R\ R^, n and X in the formula (II), 

35 R^ to R^^ have the same meanings as those of R^ to R^ and R^ In the formula (II), and 

R^ and R^ to R^^ may be the same or different, two or more of them may be bonded to each other to form a ring, 
and when m is 2 or greater, R^s, R^s, R^s, R®s, R^s, or R^°s may be the same or different, and one group of R^ 
and R^ to R^^ contained in one ligand and one group of R^ and R^ to R^^ contained in other ligands may be 
bonded. 

40 

[001 9] The transition metal compound (A-2) represented by the formula (I l-c) is preferably a compound of the fomiula 
(ll-c) wherein M is a transition metal atom selected from Group 3 to Group 5 and Group 8 to Group 10 of the periodic 
table. Also preferable is a compound of the formula (ll-c) wherein A is a nitrogen atom having a substituent R^. Further, 
a compound of the formula (ll-c) wherein A is an oxygen atom is also preferable. Furthermore, a conpound of the for- 
45 mula (ll-c) wherein A is a sulfur atom is also preferable. Moreover, a compound of the formula (ll-c) wherein A is a sele- 
nium atom is also preferable. 

[0020] The olefin polymerization catalyst according to the invention can further comprise, in addition to the transition 
metal compound (A-1) or (A-2), at least one compound (B) selected from the group consisting of: 

50 (B-1 ) an organometallic compound, 

(B-2) an organoaluminum oxy-conpound, and 

(B-3) a conpound which reacts with the transition metal compound (A-1) or (A-2) to form an ion pair. 

[0021 ] The olefin polymerization catalyst according to the invention can further comprise a carrier (C) in addition to 
55 the transition metal conpound (A-1) or A-2) and the conpound (B). 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] 

5 Rg. 1 and Fig. 2 are each an explanatory view showing an exanple of a process for preparing the olefin polymer- 
ization catalyst according to the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 [0023] The first emtxxjiment of the olefin polymerization catalyst according to the invention comprises a transition 
metal compound (A-1) represented by the following formula (I). 



75 



20 




25 [0024] In the formula (I), each of the dotted lines (-— ) of N — M and A — M means that a coordinate bond is formed 
or is not formed, but it is preferable that at least one of them is a coordinate bond. 
[0025] The coordinate bond can be confirmed by NMR. IR, X-ray crystal structure analysis or the like. 
[0026] In the formula (I), M is a transition metal atom of Group 3 (including lanthanoid) to Group 1 1 of the periodic 
table. Exanples of such metal atoms include scandium, yttrium, lanthanoid, titanium, zirconium, hafnium, vanadium. 

30 niobium, tantalum, chromium, molybdenum, tungsten, manganese, rhenium, iron, ruthenium, cobalt, rhodium, nickel 
and palladium. Of these, preferable are metal atoms of Group 3 to Group 5 and Group 8 to Group 10, such as scan- 
dium, lanthanoid, titanium, zirconium, hafnium, vanadium, niobium, tantalum, iron, cobalt, rhodium, nickel and palla- 
dium. More preferable are metal atoms of Group 4, Group 5 and Group 8 to Group 10. such as titanium, zirconium, 
hafnium, vanadium, niobium, tantalum, iron, cobalt, rhodium, nickel and palladium. Particularly preferable are metal 

35 atoms of Group 8 to Group 1 0, such as iron, cobalt, rhodium, nickel and palladium. 
[0027] m is an integer of 1 to 3, preferably an integer of 1 to 2. 
[0028] Q is a nitrogen atom (-N=) or a cartx)n atom having a substituent R^ ("C(R^)=). 

[0029] A is an oxygen atom (-0-), a sulfur atom (-S-), a selenium atom (-Se^ or a nitrogen atom having a substituent 
R^ (-N(R^)-). 

40 [0030] R^ to R^ may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocart)on group, 
a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a boron-containing 
group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing 
group or a tin-containing group, and two or more of them may be bonded to each other to form a ring. 
[0031 ] R^ to R^ are each preferably a hydrogen atom, a halogen atom, a hydrocarbon group, a heterocyclic compound 

45 residual group, a hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy group, an alkoxy group, an 
alkylthio group, an aryloxy group, an arylthio group, an acyl group, an ester group, a thioester group, an amkio group, 
an imido group, an amino group, an imino group, a sulfonate ester group, a sulfonamide group, a cyano group, a nitro 
group, a carboxyl group, a sulfo group, a mercapto group or a hydroxyl group. 
[0032] The halogen atoms include fluorine, chlorine, bromine and iodine. 

50 [0033] Examples of the hydrocarbon groups include straight-chain or branched alkyi groups of 1 to 30 carbon atoms, 
preferably 1 to 20 cart)on atoms, such as methyl, ethyl, n-propyt. isopropyl, n-butyl, isobutyt, sec-butyl, tert-butyl, neo- 
pentyl and n-hexyl; straight-chain or branched alkenyl groups of 2 to 30 carbon atoms, preferably 2 to 20 cartDon atoms, 
such as vinyl, allyl and isopropenyl; straight-chain or branched alkynyl groups of 2 to 30 carbon atoms, preferably 2 to 
20 carton atoms, such as ethynyl and propargyl; cyclic saturated hydrocarbon groups of 3 to 30 carbon atoms, prefer- 

55 ably 3 to 20 carbon atoms, such as cyclopropyl, cyclobutyl, cydopentyl, cyclohexyl and adamantyl; cyclic unsaturated 
hydrocarbon groups of 5 to 30 carbon atoms, such as cyclopentadienyl. indenyl and fluorenyl; aryl groups of 6 to 30 
carbon atoms, preferably 6 to 20 carbon atoms, such as phenyl, benzyl, naphthyt. biphenyl, terphenyi. phenanthryl and 
anthracenyl; and alkyl-substituted aryl groups, such as tolyl. isopropylphenyl, t-butylphenyl, dimethylphenyl and di-t- 
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butylphenyl. 

[0034] In the above hydrocarbon groups, the hydrogen atom may be replaced with a halogen atom, and examples of 
these halogenated hydrocartx)n groups of 1 to 30 cartwn atoms, preferably 1 to 20 carbon atoms, include trifluorome- 
thyl. pentafluorophenyl and chlorophenyl. 
5 [0035] In the above hydrocartx)n groups, the hydrogen atom may also be replaced with another hydrocarbon group, 
and examples of these aryl-substituted alkyl groups include benzyl and cumyl. 

[0036] Further, the above hydrocarbon groups may have heterocyclic compound residual groups; oxygen-containing 
groups, such as an alkoxy group, an aryioxy group, an ester group, an ether group, an acyi group, a carboxyl group, a 
cartx)nato group, a hydroxy! group, a peroxy group and a carboxylic anhydride group; nitrogen-containing groups, such 

10 as an amino group, an imino group, an amido group, an imido group, a hydrazino group, a hydrazono group, a nitro 
group, a nitroso group, a cyano group, an isocyano group, a cyanato group, an amidino group, adiazo group and ammo- 
nium salts derived from an amino group; boron-containing groups, such as a boranediyi group, a boranetriyi group and 
a dibaanyt group; sulfur-containing groups, such as a mercapto group, a thioester group, a dithioester group, an 
aikylthio group, an arylthio group, a thioacyl group, a thioether group, a thiocyanato group, an Isothiocyanato group, a 

15 sulfonato ester group, a sulfonamide group, a thiocarboxyl group, a dithiocarboxyl group, a sulfb group, a sulfonyl group, 
a sutf inyl group and a sulfenyl group; phosphorus-containing groups, such as a phosphide group, a phosphoryl group, 
a thiophosphoryl group and a phosphato group; silicon-containing groups; germanium-containing groups; or tin-con- 
taining groups. 

[0037] Of the above groups, preferable are straight-chain or branched alkyl groups of 1 to 30 carbon atoms, preferably 
20 1 to 20 carbon atoms, such as methyl, ethyl, n-propyl, Isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, neopentyl and n- 
hexyl; aryl groups of 6 to 30 cartx)n atoms, preferably 6 to 20 cartx>n atoms, such as phenyl, naphthyl, biphenyl. terphe- 
nyl. phenanthryl and anthryl; and substituted aryl groups such as the above aryl groups which are substituted with 1 to 
5 substituents such as halogen atoms, alkyl or alkoxy groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, 
and aryl or aryioxy groups of 6 to 30 carbon atom, preferably 6 to 20 carbon atoms. 
25 [0038] Exarrples of the heterocyclic compound residual groups include residual groups of nitrogen-containing com- 
pounds (e.g., pyrrole, pyridine, pyrimidine, quinoline and triazine). oxygen-containing compounds (e.g.. furan and 
pyran) and sulfur-containing compounds (e.g., thiophene), and these heterocyclic compound residual groups which are 
substituted with substituents such as alkyl or alkoxy groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms. 
[0039] Exarrples of the oxygen-containing groups, nitrogen-containing groups, sulfur-containing groups and phos- 
30 phorus-containing groups indicated by to R^^ Include those previously described as substituents which may be con- 
tained in the hydrocarbon groups. 

[0040] Examples of the silicon-containing groups include a silyl group, a siloxy group, a hydrocarbon-substituted silyl 
group and a hydrocarbon-substituted siloxy group. Particular examples of the hydrocarbon-substituted silyl groups 
include methylsilyl. dimethylsilyl, trimethylsilyl. ethylsilyl, diethylsilyl, triethylsilyl. diphenylmethylsilyl, triphenylsilyl, 
35 dimethylphenylsilyl, dimethyl-t-butylsilyl and dimethyl(pentafluorophenyl)silyl. Of these, preferable are methylsilyl, 
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl, dimethylphenylsilyl and triphenylsilyl. Particularly prefera- 
ble are trimethylsilyl, triethylsilyl, triphenylsilyl and dimethylphenylsilyl. Particular examples of the hydrocarbon-substi- 
tuted siloxy groups include trimethylsiloxy. 

[0041 ] Examples of the germanium-containing groups or the tin-containing groups include groups wherein silicon is 

40 replaced with germanium or tin in the above-mentioned silicon-containing groups. 

[0042] The above examples of the groups indicated by R^ to R^ are more specifically described below. 
[0043] Of the oxygen-containing groups, preferred examples of the alkoxy groups include methoxy, ethoxy. n-propoxy 
isopropoxy, n-butoxy, isobutoxy and tert-butoxy; preferred examples of the aryioxy groups include phenoxy. 2,6-dimeth- 
ytphenoxy and 2,4,6-trimethylphenoxy; pretended examples of the acyl groups include formyl, acetyl, benzoyl, p-chlo- 

45 robenzoyi and p-methoxybenzoyi; and preferred examples of the ester groups Include acetyloxy, benzoyloxy, 
methoxycarbonyl, phenoxycarbonyl and p-chlorophenoxycarbonyl. 

[0044] Of the nitrogen-containing groups, preferred examples of the amido groups include acetamido, N-methylaceta- 
mido and N-methylbenzamido; preferred examples of the amino groups include dimethylamino, ethylmethylamino and 
diphenylamino; preferred examples of the imido groups include acetimido and benzimido; and preferred examples of 

50 the imino groups include methylimino, ethylimino, propylimino, butylimino and phenylimino. 

[0045] Of the sulfur containing groups, prefen-ed examples of the aikylthio groups Include methylthio and ethyHhio; 
preferred examples of the arylthio groups include phenylthio, methylphenylthio and naphthylthio; prefened examples of 
the thioester groups include acetytthio, benzoylthio, methylthiocarbonyl and phenylthiocarbonyl; preferred examples of 
sulfonato ester groups include methylsulfonato, ethylsulfonato and phenylsulfonato; and pretended examples of the sul- 

55 fonamido groups Include phenytsulfonamido, N-methyisulfonamido and N-methyl-p-toluenesutfbnamido. 

[0046] Two or more groups of R^ to R^. preferably adjacent groups, may be bonded to each other to form an aliphatic 
ring, an aromatic ring or a hydrocarbon ring containing a hetero atom such as a nitrogen atom. These rings may further 
have a substituent. 
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[0047] In the formula (I), when m Is 2 or greater, R^s, R^, R^s. R^s, R^s, or R^s may be the same or different. 

[0048] When m is 2 or greater, one group of R^ to contained in one ligand and one group of R^ to R^ contained In 
other ligands may be linked together. In this case, it Is preferable that the main chain of the bonding group formed by 
linking together such groups of R^ to R^ is constituted of 3 or more atoms. 
5 [0049] X Is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-containing 
group a halogen-containing group, a heterocyclic compound residual group, a silicon-containing group, a germanium- 
containing group or a tin-containing group. 

[0050] n is a number satisfying a valence of M, specifically an integer of 0 to 5, preferably an Integer of 1 to 4. more 
10 preferably an integer of 1 to 3. 

[0051 ] When n Is 2 or greater, plural groups X may be the same or different, and X may be bonded to each other to 

form a ring. 

[0052] The halogen atoms include fluorine, chlorine, bromine and iodine. 

[0053] Examples of the hydrocartx)n groups include the same groups as previously described with respect to R^ to 
75 R^. Specifically, there can be mentioned alkyi groups, such as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl. dodecyl 
and eicosyl; cycloalkyi groups of 3 to 30 cartx)n atoms, such as cydopentyl, cydohexyl, norbornyl and adamantyl; alke- 
nyl groups, such as vinyl, propenyl and cydohexenyl; arylaikyi groups, such as benzyl, phenylethyl and phenylpropyl; 
and aryl groups, such as phenyl, tolyl. dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl, 
methylnaphthyl, anthryl and phenanthryl. but not limited thereto. The hydrocarbon groups may also indude halogenated 
so hydrocarbon groups, specifically, those of 1 to 30 cart)on atoms in whidi at least one hydrogen Is replaced with halogen. 
Of these, preferable are hydrocarbon groups of 1 to 20 carbon atoms. 

[0054] Examples of the heterocydic compound residual groups include the same groups as previously described with 
respect to to R®. 

[0055] Examples of the oxygen-containing groups indude the same groups as previously described with respect to 
25 R^ to R^. Specifically, there can be mentioned a hydroxyl group; alkoxy groups, such as methoxy, ethoxy. propoxy and 
butoxy; aryloxy groups, such as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; arylalkoxy groups, such as 
phenylmethoxy and phenylethoxy; an acetoxy group; and a carbonyl group, but not limited thereto. 
[0056] Examples of the sutfur-containing groups indude the same groups as previously described with respect to R^ 
to R^. Specifically, there can be mentioned sulfbnato groups, such as methylsulfonato, trif luoromethanesuKonato. phe- 
30 nylsulfonato, benzylsuKonato. p-toluenesulfbnato. trimethylbenzenesulfonato. trllsobutylbenzenesuHonato. p-chlo- 
robenzenesulfbnato and pentafluorobenzenesuKbnato; sulflnato groups, such as methylsutflnato. phenylsulfinato, 
benzylsutfinato, p-toluenesutfinato. trimethyibenzenesulfinato and pentafiuorobenzenesulfinato; alkylthio groups; and 
arylthio groups, but not limited thereto. 

[0057] Examples of the nitrogen-containing groups indude the same groups as previously described with respect to 
35 r1 to R^. Specifically, there can be mentioned an amino group; alkylamino groups, such as methylamino. dimethyl- 

amino, diethylamino. dipropylamino, dibutylamino and dicyclohexylamino; and arylamino or alkylarylamino groups, 

such as phenylamino, diphenylamino, ditolylamino, dinaphthylamino and methylphenylamino, but not limited thereto. 

[0058] Examples of the boron-containing groups include BR4 (R is hydrogen, an alkyI group, an aryl group which may 

have a substituent. a halogen atom or the like). 
40 [0059] Examples of the phosphorus-containing groups include trialkylphosphine groups, such as trimethylphosphlne, 

tributylphosphlne and tricyclohexylphosphine; triarylphosphine groups, such as triphenylphosphine and trltolylphos- 

phine; phosphite groups (phosphido groups), such as methylphosphite, ethylphosphite and phenylphosphite; a phos- 

phonic acid group; and a phosphinic acid group, but not limited thereto. 

[0060] Examples of the silicon-containing groups include the same groups as previously described with respect to R^ 
45 to R^. Specifically, there can be mentioned hydrocart)on-8ubstituted silyl groups, such as phenylsilyl, diphenylsilyl, trl- 
methylsilyl, triethylsilyl, tripropylsilyl. tricydohexylsilyl, triphenylsilyl. methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl; 
hydrocarbon-substituted silyl ether groups, such as trimethylsilyl ether; silicon-substituted alkyI groups, such as trimeth- 
ylsilylmethyl; and silicon-substituted aryl groups, such as trimethylsilylphenyl. 

[0061 ] Examples of the germanium-containing groups include the same groups as previously described with respect 
50 to R^ to R^. Specifk^ally. there can be mentioned groups wherein silicon is replaced with germanium in the aforesaid 
silicon-containing groups. 

[0062] Exarrpies of the tin-containing groups include the same groups as previously described with respect to R^ to 
R^. Specifically, there can be mentioned groups wherein silicon is replaced with tin in the aforesaid silicon-containing 
groups. 

55 [0063] Examples of the halogen-containing groups include fluorine-containing groups, such as PFg and BR4; chlorine- 
containing groups, such as CIO4 and SbCle; and iodine-containing groups, such as IO4, but not limited to thereto. 
[0064] Examples of the aluminum-containing groups include AIR4 (R is hydrogen, an alkyl group, an aryl group which 
may have a substituent, a halogen atom or the like), but not limited thereto. 
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[0065] The transition metal connpound (A-1 ) represented by the formula (I) wherein Q is a carbon atom having a sub- 
stituent Is represented by the following formula (i-a): 



5 



10 




(I-a) 



15 wherein M, m, A, to R^, n and X have the same meanings as those of M, m, A. to R^ n and X in the formula (I). 

[0066] In the transition metal compound (A-1) represented by the formula (l-a), two or more groups of R^ to R® may 
be bonded to form a ring. The compound wherein two or more groups of R^ to R^, e.g., R^ and R^» are bonded to form 
an aromatic ring is. for example, a compound represented by the following formula (I-b). 



25 



30 




(I-b) 



35 [0067] In the above formula, N, m, A, R^ , R^, R^, R^, n and X have the same meanings as those of M, m, A. R^ , R^, 
r5, R®. n and X in the formula (I). 

[0068] R^ to R^° have the same meanings as those of R"" to R^ in the formula (I). 

[0069] R\ R^ and R^ to R^° may be the same or different, two or more of them may be bonded to each other to form 
a ring, and when m is 2 or greater, R^s, R^, R^s, R^s, R^s, R^s. R^s, or R^°s may be the same or different, and one 
40 group of R\ R^ and R^ to R^^ contained in one ligand and one group of R\ R^ and R^ to R^^ contained in other ligands 
may be bonded. 

[0070] The transition metal compound (A-1) represented by the formula (l-a) wherein m is 2 and one group of RMo 
R^ contained in one ligand and one group of R^ to R^ contained in the other ligand are bonded is, for example, a com- 
pound represented by the following formula (l-a"). 

45 



so 




d-a') 
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[0071 ] In the above formula. M. A. to R^, n and X have the same meanings as those of M, A, R** to R^, n and X in 
the formula (I). 

[0072] A may be the same as or different from A and is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen 

atom having a substituent R^'. 
5 [0073] R^ * to R^* may be the same or different and have the same meanings as those of R^ to R®. 

[0074] Two or more groups of R^ ' to R^', preferably adjacent groups, may be bonded to each other to form an aliphatic 

ring, an aromatic ring or a hydrocarbon ring containing a hetero atom such as a nitrogen atom. 

[0075] Y is a bonding group or a single bond for linking at least one group selected from R^ to R^ to at least one group 

selected from R^* to R^'. Although the bonding group is not specifically limited, it preferably has a structure wherein the 
10 main chain is constituted of 3 or more atoms, preferably 4 to 20 atoms, particularly preferably 4 to 1 0 atoms. The bond- 

ing group may have a substituent. 

[0076] The bonding group Y is specifically a group containing at least one element selected from oxygen, sulfur, car- 
bon, nitrogen, phosphorus, silicon, selenium, tin, boron and the like. Examples of such groups include groups contain- 
ing chalcogen atoms such as -0% -S- and -Se-; nitrogen- or phosphorus-containing groups, such as -NH-, -NH(CH3)2. 

IS -PH- and -P(CH3)2-; hydrocarbon groups of 1 to 20 carbon atoms, such as -01-12'. -CH2-CH2- and -C{CH^2'', residual 
groups of cyclic unsaturated hydrocarbons of 6 to 20 cartx)n atoms, such as benzene, naphthalene and anthracene; 
residual groups of heterocyclic compounds having 3 to 20 carbon atoms and containing hetero atoms, such as pyridine, 
quinoline, thiophene and furan; silicon atom-containing groups, such as -SiH2- and -81(01-13)2-; atom-containing 
groups, such as -SnH2- and -Sn(CH3)2-; and boron atom-containing groups, such as -BH-, -B(0H3)- and -BF-. Y can 

20 also be a single bond. 

[0077] An example of a compound employable as the olefin polymerization catalyst in the invention is a compound 
obtained by allowing a compound represented by the following formula (L) to react with a compound represented by 
MXk (M and X have the same meanings as those of M and X in the formula (I), and k is a number satisfying a valence 
ofM). 

25 



30 




35 

wherein A and R^ to have the same meanings as those of A and R^ to R^ in the formula (I). 
[0078] Preferred examples of the compounds represented by MXk include TICI3. TiOl4, T\Br^, T\Br^^, Ti(benzyl)4, 
Ti(NiMe2)4, ZrCU, Zr(NiMe2)4. Zr(benzyl)4. ZrBr4, HfOU. HfBr4. VOI4. VOI5. VBr4, VBrg, Ti(acac)3, and complexes of 
40 these compounds and THF (tetrahydrofuran), acetonitrile or diethyl ether but not limited thereto. 

[0079] Examples of the transition metal compounds represented by the formula (i-a) are given below, but not limited 
thereto. 

[0080] in the following examples, M has the same meaning as that of M in the formula (1-a). 

[0081] X has the same meaning as that of X in the formula (I-a), and is for example halogen such as 01 or Br, or an 

45 alkyl group such as methyl, but not limited thereto. When plural X are present, they may be the same or different. 
[0082] n has the same meaning as that of n in the formula (I-a), and is decided by a valence of the metal M. For exam- 
ple, when two monoanions are bonded to the metal, there can be mentioned n = 0 in case of a divalent metal, n = 1 in 
case of a trivalent metal, n = 2 in case of a tetravalent metal, and n = 3 in case of a pentavalent metal. More specifically, 
there can be mentioned n s 2 in case of Ti(IV). n = 2 in case of Zr(IV). and n - 2 in case of Hf(IV). 

50 [0083] In the following examples. Me denotes methyl, Et denotes ethyl, iPr denotes i-propyl, tBu denotes tert-butyl. 
and Ph denotes phenyl. 

[0084] Examples of the transition metal compounds represented by the formula (I-a) wherein two or more groups of 
R^ to R^ are boned to form a ring are those wherein R^ and R"^ are bonded to form a ring, ie., the compounds repre- 
sented by the formula (l-b), and particular examples thereof are described first. 
55 [0085] Exanrples of the compounds represented by the formula (l-b) wherein A is an oxygen atom include the follow- 
ing compounds. 
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[0086] In the abwe examples. M and n have the same meanings as those of M and n in the formula (1-b). By appro- 
priately selecting M and n. specific compounds are obtained. 
[0087] For example, consider compounds of the following formula. 
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[0088] When X in the above formula is chlorine, the following compounds are given according to the selection of M. 



20 



25 




30 

[0089] When X in the above formula is bromine, the following compounds are given according to the selection of M. 



35 



40 




45 

[0090] Therefore, from the above-mentioned formulas and the later-described formulas, specific compounds can be 
easily determined by the selection of M and n. 

[0091 ] Examples of the compounds represented by the formula (l-b) wherein A is a sulfur atom include the following 
so compounds. 



55 
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55 [0092] Examples of the compounds represented by the formula (l-b) wherein A Is a nitrogen atom having a substituent 
include the following compounds. 
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[0093] Examples of the compounds represented by the formula (l-b) wherein and are bonded to form an aro- 
matic ring include the following compounds. 
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[0094] Other examples of the compounds represented by the formula (l-b) are given below. 
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[0095] Examples o1 the compounds represented by the formula (l-a) wherein m is 2 or greater include the following 
30 compounds. 
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[0096] Examples of the transition metal compounds represented by the formula (l-a) wherein m is 2 or greater and 
one group of to contained in one ligand and one group of R^ to R^ contained in the other ligand are bonded 
include the following compounds. 
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[0097] In the present invention, the connpound represented by the formula (l-a) may be a compound further having 
groups con-esponding to iigands, said groups being bonded through an ionic bond or a covalent bond, for example, a 
compound represented by the following formula (l-a"): 




wherein M, A, to and X have the same meanings as those of M, A, to R^ and X in the formula (I), and A' may 
be the same as or different from A and is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having a 
substituent R^'. 

[0098] Examples of the compounds represented by the formula (l-a") include the following compounds. 
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[0099] The transition metal compound represented by the formula (1-a) can be prepared without, any restriction, for 

example, by the following process. 

[01 00] A compound represented by the following formula (L) 




wherein A and to have the same meanings as those of A and R^ to R^ in the formula (I), is allowed to react with 
a compound represented by the formula MXk (M and X have the same meanings as those of M and X in the formula (1), 
and k is a number satisfying a valence of M). 

[0101] Preferred examples of the compounds represented by MXk include T\C\^, TICI4. TiBrs. TiBr4, Ti(benzyl)4. 
Ti(NIMe2)4. 2rCl4. 2r(NiMe2)4. Zr(benzyl)4, ZrBr4, HfCU. HfBr4. VCI4. VCI5. VBr4. VBrg. Tl(acac)3. and complexes of 
these compounds and THF (tetrahydrofuran). acetonitrile or diethyl ether, but not limited thereto. 
[0102] The process for preparing the transition metal compound represented by the formula (l-a) is more specifically 
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described below. 

[0103] In the first place, an acylacetone conpound or a thioacylacetone compound can be allowed to react with a 
primary amine compound of the formula R^-NH2 (R^ has the same meaning as that of in the formula (l-a)), e.g., an 
aniline compound or an alkylamine compound, to obtain a compound (ligand precursor) which becomes a ligand for 
5 constituting the transition metal compound. More specifically, both of the starting conrpounds are dissolved In a solvent. 
As the solvent, any solvent generally used for such reaction is employable. Above all, an alcohol solvent such as meth- 
anol or ethanol or a hydrocarbon solvent such as toluene is preferable. 




25 [0104] Then, the resulting solution is stirred under the conditions of room temperature to reflux for about 1 to 48 hours 
to introduce the substituent into the A part, whereby the corresponding ligand precursor is obtained in a high yield. 
[0105] The ligand precursor can also be obtained by allowing an o*acylphenol. o-acylthiophenol or o-acylaniline 
wherein the substituent has been introduced into the A part of the formula (l-a) to react with a primary amine compound 
of the formula R^-NH2 (R^ has the same meaning as that of R^ in the formula (l-a)), e.g., an aniline conpound or an 

30 alkylamine compound. 

[01 06] In the synthesis of the ligand precursor, an add catalyst such as formic add, acetic acid or toluenesuKonic acid 
may be used as a catalyst. It is effective for the progress of the reaction to use dehydrating agents such as molecular 
sieves, magnesium sulfate and sodium sulfate or to perform dehydration by means of Dean and Stark method. 
[01 07] Then, the thus obtained ligand precursor can be allowed to react with a compound containing a transition metal 

35 M to synthesize the conresponding transition metal compound. More specif ically, the synthesized ligand is dissolved in 
a solvent, then mixed with a metallic compound such as a metallic halide or a metallic alkylate and stirred for about 1 
to 48 hours at a temperature of -78 °C to room temperature, preferably under reflux. As the solvent, any solvent gener- 
ally used for such reaction is employable. Above all. a polar solvent such as ethyl ether or THF or a hydrocarbon solvent 
such as toluene is preferably employed. 

40 [01 08] It is also possible to exchange the metal M in the synthesized transition metal compound with another transition 
metal In a conventional way. For example, when any of R^ to R^ is H, a substituent other than H can be Introduced In 
any stage of the synthesis process. 

[01 09] The transition metal compound ( A-1 ) represented by the formula (l-a) wherein Q is a nitrogen atom and R^ and 
R^ are bonded to form an aromatic ring is represented by the following formula (1-c). 
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[0110] In the above formula, M. m, A, R\ R^, n and X have the same meanings as those of M, m, A, R\ R^, R^ 
n and X in the formula (I). Each of N— -M and A-— M indicates a coordinate bond. 
[0111] R^ to R^^ have the same meanings as those of R^ to R^ in the formula (I). 
20 [0112] R^ and R^ to R^ ^ may be the same or different, and two or more of them may be bonded to each other to form 
a ring. 

[01 1 3] When m is 2 or greater, R^s, R^s, R^s, R^s, R^s, R^s, or R^ °s may be the same or different, and one group of 
R^ and R^ to R^° contained in one ligand and one group of R^ and R^ to R^° contained in other ligands may be bonded. 
[01 14] The transition metal compound represented by the formula (l-c) wherein m is 2 and one group of R'' and R^ to 
25 R^^ contained In one ligand and one group of R^ and R^ to R^^ contained in the other ligand are bonded Is. for example, 
a compound represented by the following formula (l-c*). 




[0115] In the above formula, f^. A, R\ R^to R^° and the same meanings as those of M, A, R\ R^toR''°and Xinthe 
45 formula (1). and R^' and R^ to R^^' have the same meanings as those of R^ and R® to R^^. 

[01 1 6] A' may be the same as or different from A and Is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen 

atom having a substituent R^'. 

[0117] Y is a bonding group or a single bond for linking at least one group selected from R** and R^ to R^^ to at (east 
one group selected from R^' and R^' to R^^\ and has the same meaning as that of Y in the formula (l-a*). 
50 [01 1 8] Examples of the transition metal compounds represented by the formula (l-c) are given below, but not limited 
thereto. 

[01 19] In the following examples. M has the same meaning as that of M In the formula (l-c). 
[0120] X has the same meaning as that of X in the formula (l-c), and Is for example halogen such as CI or Br. or an 
alkyi group such as methyl, but not limited thereto. When plural X are present, they may be the same or different 
55 [0121 ] n has the same meaning as that of n in the formula (l-c). and is decided by a valence of the metal M. For exam- 
ple, when one ligand Is coordinated to the metal, there can be mentioned n s 2 in case of a divalent metal, n = 3 in case 
of a trivalent metal, n » 4 In case of a tetravalent metal, and n = 5 in case of a pentavalent metal. More specifically, there 
can be mentioned n = 4 in case of Ti(IV). n = 4 in case of Zr(IV), n = 4 in case of Hf(IV), n = 2 in case of Co(ll), n = 2 in 
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case of Fe(ll), n = 2 in case of Rh(ll), n = 2 in case of Ni(ll). and n = 2 in case of Pcl(ll). 




55 
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[0122] The transition metal compound represented by the formula (l-c) can be prepared without any restriction, for 
example, by the following process. 
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[0123] The transition metal compound represented by the formula (l-c) can be prepared by allowing a compound (lig- 
and precursor) which becomes a ligand for constituting the transition metal compound to react with a compound con- 
taining a transition metal M. 

[0124] For example, the ligand precursor can be obtained by allowing a phenol or phenol derivative conrpound when 
5 A in the formula (l-c) is an oxygen atom; a thiophenol or thiophenol derivative compound when A is a sulfur atom; or an 
aniline or aniline derivative conrpound when A is a nitrogen atom having to react with a diazonium compound syn- 
thesized from a primary amine compound of the formula R''-NH2 (R^ has the same meaning as that of R^ in the formula 
(l-c)) such as an aniline compound or an alkylamine compound. More specifically, both of the starting compounds are 
dissolved in a solvent. As the solvent, any solvent generally used for such reaction is employable. Above all, a water 
10 solvent is preferable. Then, the resulting solution is stirred under the conditions of a temperature of 0 ''C to reflux for 
about 1 to 48 hours, whereby the corresponding ligand is obtained in a high yield. 

[01 25] The diazonium conpound can be obtained by allowing a primary amine compound to react with sodium nitrite, 
aikyi nitrite or the like and a strong acid such as hydrochloric acid, but the synthesis process is not limited to this proc- 
ess. 
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[0126] Then, the thus obtained ligand can be allowed to react with a conrpound containing a transition metal M to 
synthesize the corresponding transition metal compound. More specifically, the synthesized ligand is dissolved in a sol- 
vent. The resulting solution may be contacted with a base to prepare a phenoxide salt, if necessary TTien, the solution 

45 or the phenoxide salt is mixed with a metallic conrpound such as a metallic halide or a metallic alkylate at a low temper- 
ature and stirred at a tenrperature of -78 ''C to room temperature or under reflux for about 1 to 48 hours. As the solvent, 
any solvent generally used for such reaction is employable. Above all, a polar solvent such as ethyl ether or THF or a 
hydrocarbon solvent such as toluene is preferably employed. Preferable examples of the bases used for preparing a 
phenoxide salt include metallic salts such as lithium salts (e.g., n-butyllithium) and sodium salts (e.g., sodium hydride) 

50 and organic bases such as triethylamine and pyridine, but not limited thereto. The number of ligands to be reacted can 
be adjusted by changing the charge ratio between the transition metal M-containing compound and the ligand. 
[01 27] According to properties of the conpound. the ligand can be directly reacted with the metallic compound without 
producing a phenoxide salt, whereby the con^esponding transition metal conpound can be synthesized. For exanple. 
the following compound can be prepared by directly reacting the ligand with the transition metal halide. 

55 
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[01 28] It is also possible to exchange the metal M in the synthesized transition metal compound with another transition 
metal in a conventional way. When any of and to R^° is H. a substituent other than H can be introduced in any 
stage of the synthesis process. 

[0129] Next, the other embodiment of the olefin polymerization catalyst of the invention is described. 
20 [01 30] TTie other embodiment of the olefin polymerization catalyst of the invention comprises a transition metal com- 
pound (A-2) represented by the formula (II). 




(II) 



35 

[0131 ] In the above formula. N — M generally indicates a coordinate bond, but the invention also includes a conpound 
having no such a coordinate bond. 

[0132] In the above formula. M is a transition metal atom of Group 3 (including lanthanoid) to Group 11 of the periodic 
tat>le. Examples of such atoms include scandium, lanthanoid, titanium, zirconium, hafnium, vanadium, niobium, tanta- 

40 tum. cobalt, rhodium, yttrium, chromium, molytxienum. tungsten, manganese, rhenium, iron, ruthenium, nickel and pal- 
ladium. Of these, preferable are metal atoms of Group 3 (including lanthanoid) to Group 9, such as scandium, 
lanthanoid, titanium, zirconium, hafnium, vanadium, niobium, tantalum, iron, cobalt and rhodium. More preferable are 
metal atoms of Group 3 to Group 5 and Group 9, such as titanium, zirconium, hafnium, cobalt, rhodium, vanadium, nio- 
bium and tantalum. Still more preferable are metal atoms of Group 4 and Group 5, such as titanium, zirconium, hafnium 

45 and vanadium. Particularly preferable are metal atoms of Group 4, such as titanium, zirconium and hafnium. 
[0133] m is an integer of 1 to 6. preferably an integer of 1 to 4. more preferably an integer of 1 to 2. 
[0134] Q is a nitrogen atom (-N=) or a carbon atom having a substituent R^ (-C(R^)s). 

[0135] A is an oxygen atom (-0-). a sulfur atom (-S-), a selenium atom (-Se-) or a nitrogen atom having a substituent 
R^ (-N(R^)-). 

50 [01 38] R^o R^ and R^ may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocarbon 
group, a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a boron-con- 
taining group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-con- 
taining group or a tin-containing group, two or more of them may be bonded to each other to form a ring, and when m 
is 2 or greater, R^s, R^s, R^s, R'^s, or R^s may be the same or different, and one group of R'' to R^ and R® contained in 

55 one ligand and one group of R^ to R^ and R^ contained in other ligands may be bonded. 

[0137] Examples of the atoms and groups indicated by R^ to R^ and R^ include the same atoms and groups as pre- 
viously described with respect to R^ to R^ in the formula (I). 

[0138] When A is a nitrogen atom having a substituent R^, R^ is preferably a halogen atom, a hydrocarbon group, a 
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heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a boron-containing 
group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing 
group or a tin-containing group. 

[0139] When A is an oxygen atom, a sulfur atom or a selenium atom, is preferat)ly a sut>stituent other than hydro- 
gen or halogen. That is, is preferably a hydrocart}on group, a heterocyclic compound residual group, an oxygen-con- 
taining group, a sulfur-containing group, a silicon-containing group, a germaniunrvoontaining group or a tin-containing 
group. R^ is particularly preferably a halogen atom, a hydrocarbon group, a heterocyclic compound residual group, a 
hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy group, an alkoxy group, an alkylthio group, an ary- 
loxy group, an arylthio group, an acyl group, an ester group, a thioester group, an amido group, an amino group, an 
imido group, an imino group, a sulfonate ester group, a sulfonamido group, a cyano group, a nitro group or a hydroxyl 
group. 

[0140] When A is an oxygen atom, a sulfur atom or a selenium atom, preferred examples of the hydrocarbon groups 
indicated by include straight-chain or branched alkyi groups of 1 to 30 carbon atoms, preferably 1 to 20 caibon 
atonis, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, thiopentyl and n-hexyi; cyclic 
saturated hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to 20 carbon atoms, such as cydopropyl. 
cydobutyl. cyclopentyl. cydohexyl and adamantyt; aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon 
atoms, such as phenyl, benzyl, naphthyl, biphenyiyi and triphenylyl; the above groups which are further substituted with 
an alkyi group or alkoxy group of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, a halogenated alkyl group of 
1 to 30 carbon atoms, preferably 1 to 20 cartx)n atoms, an aryl group or aryloxy group of 6 to 30 carbon atoms, prefer- 
ably 6 to 20 carbon atoms, halogen, a cyano group, a nitro group or a hydroxyl group. 

[0141] When A is an oxygen atom, a sulfur atom or a selenium atom, preferred examples of the hydrocarbon-substi- 
tuted silyl groups indicated by R^ indude methytsilyt, dimethylsilyl, trimethylsilyl, ethyisilyl, diethylsityl, triethylsilyl, dlphe- 
nylmethylsilyl, triphenylsilyl, dimethylphenylsilyl, dimethyl-t-butylsilyl and dimethyl(pentafluorophenyl)silyl. Of these, 
particularly preferable are trimethylsilyl, triethylphenyl, diphenylmethylsilyl, isophenylsilyl, dimethylphenylsilyl, dimethyl- 
t-butylsilyl and dimethyl(pentafluorophenyl)silyl. 

[0142] When A is an oxygen atom, a sulfur atom or a selenium atom, R^ is particularly preferably a group selected 
from branched alkyl groups of 3 to 30 carbon atoms, preferably 3 to 20 carbon atoms, such as isopropyl. isobutyl, sec- 
butyl, tert-butyl and neopentyl; the above groups wherein a hydrogen atom is replaced with an aryl group of 6 to 30 car- 
bon atoms, preferably 6 to 20 carbon atoms (e.g., cumyl group); and cyclic saturated hydrocartx}n groups of 3 to 30 car- 
bon atoms, preferably 3 to 20 carbon atoms, such as adamantyl, cydopropyl. cydobutyl, cyclopentyl and cydohexyl. 
Also preferable is an aryl group of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms, such as phenyl, naphthyl, 
fluorenyl, anthranyl or phenanthryl, or a hydrocartxjn-substituted silyl group. 

[0143] n is a number satisfying a valence of M, specifically an integer of 0 to 5. preferably an integer of 1 to 4, more 
preferably an integer of 1 to 3. 

[0144] When n is 2 or greater, plural groups X may be the same or different, and may be bonded to each other to form 
a ring. 

[0145] X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-containing 
group, a halogen-containing group, a heterocydic compound residual group, a silicon-containing group, a germanium- 
containing group or a tin-containing group. 

[0146] Examples of the atoms and groups indicated by X include the same atoms and groups as previously described 

with respect to X in the formula (I). 

[0147] The transition metal compound (A-2) represented by the formula (11) wherein Q is a carbon atom having a sub- 
stituent R^ is represented by the following formula (ll-a): 




wherein M, m, A. R^ to R^. R^. n and X have the same meanings as those of M, m, A, R^ to R"*, R®, n and X in the for- 
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mula (11). 

[0148] The transition metal compound (A-2) represented by the formula (ll-a) wherein m is 2 and two groups of to 
and R^ are bonded is, for exanple, a conpound represented by the following formula (ll-a*). 




[0149] In the formula (ll-a'), M, A, R^ to R^, R^, n and X have the same meanings as those of M. A, R^ to R^ R^, n 
20 and X in the formula (I), and R^' to R'^' and R^' have the same meanings as those of R^ to R^ and R^. 

[01 50] A' may be the same as or different from A and is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen 
atom having a substituent R^ 

[0151 ] Y is a bonding group or a single bond for linking at least one group selected from R** to R"^ and R^ to at least 
one group selected from R^' to R^' and R^'. and has the same meaning as that of Y in the formula (l-a*). 
25 [0152] Exanples of the transition metal compounds represented by the formula (ll-a*) are given below, but not limited 
thereto. 

[0153] In the following examples, M has the same meaning as that of M in the formula (W-a). 

[0154] X has the same meaning as that of X in the formula (ll-a). and is for example halogen such as CI or Br, or an 

alkyi group such as methyl, but not limited thereto. When plural X are present, they may be the same or different. 

30 [01 55] n has the same meaning as that of n in the formula (ll-a), and is decided by a valence of the metal M. For exam- 
ple, when two nfK)noanions are bonded to the metal, there can be mentioned n = 0 In case of a divalent metal, n = 1 in 
case of a trivalent metal, n = 2 in case of a tetravalent metal, and n 3 in case of a pentavalent metal. More spedficaliy, 
there can be mentioned n = 2 in case of Ti(IV), n = 2 in case of Zr(IV), and n = 2 in case of Hf(IV). 
[0156] In the following examples. Me denotes methyl, Et denotes ethyl. iPr denotes i-propyl. tBu denotes tert-butyl, 

35 and Ph denotes phenyl. 
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[0157] The transition metal compound represented by tine formula (ll-a) can be prepared without any restriction, for 
example, by the following process. 

[0158] A compound (ligand precursor) which becomes a ligand for constituting the transition metal compound, such 
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as a p-diketone compound, a p-ketoester compound (including thioketone and thioketoester) or an acetylacetone com- 
pound, is commercially available or obtainable by known processes described in literatures. 
[0159] The ligand precursor can be obtained by allowing the above-mentioned compound such as an acetylacetone 
compound to react with a primary amine compound of the formula R^-NH2 (R^ has the same meaning as that of in 

5 the formula (ll-a)), e.g., an aniline compound or an alkylamine compound. More specifically, both of the starting com- 
pounds are dissolved in a solvent. As the solvent, any solvent generally used for such reaction is employable. Above all, 
an alcohol solvent such as methanol or ethanol or a hydrocartxsn solvent such as toluene is preferable. Then, the result- 
ing solution is stirred under the conditions of room temperature to reflux for about 1 to 48 hours, whereby the corre- 
sponding ligand is obtained in a high yield. 

10 [0160] In the synthesis of the ligand compound, an acid catalyst such as formic acid, acetic acid or toluenesulfbnic 
acid may be used as a catalyst. It is effective for the progress of the reaction to use dehydrating agents such as molec- 
ular sieves, magnesium sulfate and sodium sulfate or to perform dehydration by means of Dean and Stark method. 
[0161] Then, the thus obtained ligand can be allowed to react with a compound containing a transition metal M to 
synthesize the conresponding transition metal compound. More specifically, the synthesized ligand is dissolved in a sol- 

15 vent The resulting solution may be contacted with a base to prepare a salt, if necessary. Then, the solution or the salt 
is mixed with a metallic compound such as a metallic halide or a metallic alkylate at a low temperature and stirred at a 
temperature of -78 °C to room temperature or under reflux for about 1 to 48 hours. As the solvent, any solvent generally 
used for such reaction is employable. Above all, a polar solvent such as ether or tetrahydrofuran or a hydrocarbon sol- 
vent such as toluene is preferably employed. Examples of the bases used for preparing a phenoxide salt include metal- 

20 lie salts such as lithium salts (e.g., n-butyllithium) and sodium salts (e.g., sodium hydride) and organic bases such as 
triethylamine and pyridine, but not limited thereto. 

[0162] According to properties of the compound, the ligand can be directly reacted with the metallic compound without 
producing a salt, whereby the corresponding transition metal compound can be synthesized. 
[0163] It is also possible to exchange the metal M in the synthesized transition metal compound with another transition 
25 metal in a conventional way. When any of R^ to R^ is H, a substituent other than H can be introduced in any stage of 
the synthesis process. 

[01 64] In the transition metal compound represented by the formula (ll-a), two or more groups of R^ to R"* and R® may 
be bonded to form a ring structure. The compound wherein two or more groups of R^ to R^ and R^, e.g., R^ and R"*, are 
bonded to form an aromatic ring is, for example, a compound represented by the following formula (Il-b). 

30 



35 



40 




(Il-b) 



45 [0165] In the formula (ll-b), N — M generally indicates a coordinate bond, but in the invention, it may indicate a coor- 
dinate bond or no coordinate bond. 

[0166] In the above formula, M, m. A, r\ R^, R^, n and X have the same meanings as those of M, m, A, r\ R^, R®, 
n and X in the formula (11). 

[0167] When m Is 1 , A is a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^, and when m is 
50 2 or greater, plural groups indicated by A may be the same or different, they are each an oxygen atom, a sulfur atom, a 
selenium atom or a nitrogen atom having a substituent R^, and at least one A is a sulfur atom, a selenium atom or a 
nitrogen atom having a substituent R^. 

[0168] In the compound represented by the formula (Il-b), when m is 2 or greater, it is preferal^le that plural groups A 
are the same as each other and are each a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^. 
55 [0169] R^ to R^° have the same meanings as those of R^ to R"^ and R^ in the formula (II). 

[01 70] R^ . R^ and R^ to R^^ may be the same or different, two or more of them may be bonded to each other to form 
a ring, and when m is 2 or greater, R^s, R^s, R^s, R^s, R®s, R^s, or R^°s may be the same or different, and one group 
of H\ and R^ to R^° contained in one ligand and one group of R\ R^ and R^ to R^^ contained in other ligands may 
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be bonded. 

[0171 J The transition metal compound represented by the formula (ll-b) wherein m is 2 and two groups of R\ and 
to R^° (or R^ , R^ and R® to R^° when A is -N(R^)-) are boned to form a ring is, for example, a compound represented 
by the following formula (ll-b*). 



10 



IS 




20 

[01 72J In the above formula, M, R^ . R^, R^ to R^°, n and X have the same meanings as those of M, R^ , R^, R® to R^*^. 
n and X In the formula (ll-b). 

[0173] A is a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^. 

[01 74] A' may be the same as or different from A and is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen 
25 atom having a substituent R^'. 

[0175] R^', R^' and R^' to R^^' may be the same or different and have the same meanings as those of R\ R^ and R^ 
to R^^. Two or more groups of them, preferably adjacent groups, may be bonded to each other to form an aliphatic ring, 
an aromatic ring or a hydrocarbon ring containing a hetero atom such as a nitrogen atom. 

[0176] Y is a bonding group or a single bond for linking at least one group selected from R^ , R^ and R^ to R^^ to at 
30 least one group selected from R^', R^' and R^' to R^^*, and has the same meaning as that of Y in the formula (l-a*). 
[0177] Examples of the transition metal compounds represented by the formula (ll-b) are given below, but not limited 
thereto. 

[0178] In the following examples, M has the same meaning as that of M in the formula (ll-b), and is for example Sc(lll). 
Ti(lll), Ti(IV). 2r(lll), Zr(IV), Hf(IV), V(IV). Nb(V). Ta(V). Co(ll). Co(lll). Ni(ll). Rh(ll). Rh(lll). Rh{IV) or Pd(ll), Pd(VI). but 

35 not limited thereto. Of these, preferable is Ti(IV), Zr(IV) or hlf(IV). 

[0179] X has the same meaning as that of X in the formula (ll-b). and is for example halogen such as CI or Br. or an 
alkyl group such as methyl, but not limited thereto. When plural X are present, they may be the same or different. 
[0180] n has the same meaning as that of n in the formula (ll-b). and is decided by a valence of the metal M. For exam- 
ple, when two monoanions are bonded to the metal atom M, there can be mentioned n s o in case of a divalent metal, 

40 n = 1 in case of a trivalent metal, n = 2 in case of a tetravalent metal, and n = 3 in case of a pentavalent metal. More 
specifically, there can be mentioned n = 2 In case of Ti(IV). n = 2 in case of Zr(IV). and n » 2 in case of Hf(IV). 
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[0181] More specilically. there can be mentioned the following compounds. 
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[0182] There can also be mentioned the following compounds wherein M» X and n have the same meanings as those 
of M, X and n in the formula (li-b). 
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[0183] In the above examples, Et denotes ethyl, iPr denotes i-propyl, tBu denotes tert-butyl, and Ph denotes phenyl. 
[0184] A common process for synthesizing the transition metal compound represented by the formula (ll-b) is given 
below, but the synthesis process is not limited thereto. 
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[0185] The transition metal compound represented by the Ibrmula (ll-b) can be synthesized by allowing a conpound 
(ligand precursor) for forming a ligand such as a thiosalicylidene ligand or an anilino ligand to react with a metallic com- 
pound. 

[0186] The compound for forming the thiosalicylidene ligand is obtained by allowing, for example, a thiosalicylalde- 
hyde compound to react with an aniline compound or an amine compound. 

[0187] The ligand precursor can be obtained by allowing o-acylbenzenethiols including the above conpounds to react 
with an aniline compound or an amine compound. 




[0188] More specifically, the ligand precursor can be obtained by dissolving a thiosalicylaldehyde compound or o-acyl- 
benzenethiol and an aniline conpound wherein the nitrogen part has no substituent or a primary amine compound in a 
solvent, and stirring the solution under the conditions of room temperature to reflux for about 1 to 48 hours. As the sol- 
vent, an alcohol solvent such as methanol or ethanol or a hydrocartx>n solvent such as toluene is preferably enployed, 
but not limited thereto. As a catalyst, an acid catalyst such as formic add. acetic acid or toluenesulfonic acid can be 
employed. It is also effective for the progress of the reaction to remove water from the reaction system by means of 
Dean and Stark method. It is possible to use dehydrating agents such as nfK)lecular sieves, magnesium sulfate and 
sodium sulfate. 

[0189] The o-acylbenzenethiol which may be used herein can be obtained, for example, from an o-acytphenol by 
treating the OH group with a dimethyl thiocartamate to produce a thiocatt)amate derivative which is then heated, 
whereby exchanging oxygen atom for sulfur atom. 

[0190] The anilino ligand can be obtained by allowing an o-formaniline compound to react with an aniline compound 
or an amine compound. The ligand precursor can be obtained by allowing o-acylanilines including the above com- 
pounds to react with an aniline conpound or an amine compound. More specifically, the precursor ligand can be syn- 
thesized in the aforesaid manner using an o-formaniline conpound wherein the nitrogen part has no substituent or an 
o-acylaniline wherein the nitrogen part has no substituent and an aniline compound wherein the nitrogen part has no 
substituent or a primary amine compound. 

[0191] The o-acylaniline which may be used herein can be obtained by, for example, reducing the carboxylic acid 
group of an o-amindbenzoic add compound. An N-alkylation reaction of an anthranyl conpound can also be performed 
to obtain the con'esponding N-alkyl-o-acylaniline compound. 
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[0192] Then, the thus obtained ligand precursor can be allowed to react wrth a metallic compourtd to synthesize the 
corresponding transition metal compound. More specifically, the ligand compound is dissolved in a solvent. The resutt- 
20 ing solution may be contacted with a base to prepare a thiophenoxide salt or an anilino salt, If necessary. Then, the solu- 
tion or the salt is mixed with a metallic conpound such as a metallic halide or a metallic alkylate at a low temperature 
and stirred at a temperature of -78 ''C to room temperature or under reflux for about 1 to 24 hours to obtain a transition 
metal compound. 

[0193] Examples of the solvents preferably used herein include polar solvents such as ether and tetrahydrofuran and 
25 hydrocarbon solvents such as toluene, but not limited thereto. Examples of the bases preferably used herein include 
lithium salts, such as n-butyllithium; sodium salts, such as sodium hydride; and nitrogen-containing compounds, such 

as pyridine and triethylamine, but not limited thereto. 

[0194] Depending on the transition metal compound, the ligand compound can be directly reacted with the metallic 
compound without producing a thiophenoxide salt or an anilino salt, to synthesize the conresponding transition metal 
30 compound. 

[0195] The structure of the transition metal compound obtained can be determined by 270 MHz ^H-NMR (Japan Elec- 
tron Optics Laboratory GSH-270). FT-IR (SHIMADZU FT-IR8200D). FD-mass spectrometry (Japan Electron Optics 
Laboratory SX-102A), metal content analysis (analysis by ICP method after dry ashing and dissolution in dilute nitric 
acid, device: SHIMADZU ICPS-8000), and carbon, hydrogen and nitrogen content analysis (Helaus CHNO Model). 
35 [0196] The transition metal compound (A-2) represented by the formula (II) wherein Q Is a nitrogen atom and and 
R^ are bonded to form an aromatic ring is represented by the following formula (ll-c). 



40 



45 




(il-c) 



[01 97] In the above fornrrula, N— -M generally indicates a coordinate bond, but the invention also includes compounds 
having no such a coordinate bond. 

[0198] In the above formula. M. m, A, R^ , R^, n and X have the same meanings as those of M, m, A, r\ R^, n and X 
55 in the formula (II). 

[0199] R^ to R^° have the same meanings as those of R^ to R"^ and R^ in the formula (II). 

[0200] R^ and R^ to R^° may be the same or different, and two or more of them may be bonded to each other to form 

a ring. 
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[0201] When m is 2 or greater, R^s. Hh, R\ R^s. R^s, or R''^s may be the sane or different, and one group of R^ 
and R^ to R^^ contained in one ligand and one group of R^ and R^ to R^^ contained in other llgands may be bonded. 
[0202] The transition metal compound represented by the formula (ll*c) wherein m is 2 and one group of and R^ 
to R^^ contained in one ligand and one group of R^ and R^ to R^^ contained in the other ligand are bonded is. for exam- 
5 pie, a compound represented by the following formula (ll-c*). 
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(II-C) 



[02031 In the formula (ll-C). M, A, H\ R^ to R^° and X have the same meanings as those of M, A, n\ R^ to R^° and 
25 X in the formula (ll-c). and R^' and R^' to R^^' have the same nieanings as those of R^ and R^ to R^^. 

[0204] A' may t^e the same as or different from A and is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen 
atom having a substituent R^'. 

[0205] R\ R^ to R^°. R^* and R®' to R^°' may be the same or different. 

[0206] Y is a bonding group or a single bond for linking at least one group selected from R^ and R^ to R^^ to at least 
30 one group selected from R^' and R^* to R^^. and has the same meaning as that of Y in the formula (l-a*). 

[0207] Examples of the transition metal compounds represented by the formula (ll-c) are given below, but not limited 
thereto. 

[0208] In the following examples, M has the same meaning as that of M in the formula (ll-c). 

[0209] X has the same meaning as that of X in the formula (ll-c), and is for example halogen such as CI or Br, or an 

35 alkyl group such as methyl, but not limited thereto. When plural X are present, they may be the same or different. 
[021 0] n has the same meaning as that of n in the formula (ll-c). and is decided by a valence of the metal M. For exam- 
ple, when two monoanions are bonded to the metal, there can be mentioned n = 0 in case of a divalent metal, n = 1 in 
case of a trivalent metal, n = 2 in case of a tetravalent metal, and n = 3 in case of a pentavalent metal. More specifically, 
there can be mentioned n = 2 in case of Ti(IV), n » 2 in case of Zr(IV), and n = 2 in case of Hf(IV). 

40 [0211] In the following examples, Me denotes methyl. Et denotes ethyl, iPr denotes i-propyt. tBu denotes tert-butyl, 
and Ph denotes phenyl. 
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[0212] The transition metal conipound represented by the formula (ll-c) can be prepared without any restriction, for 
example, by the same process as that for preparing the aforesaid transition metal compound represented by the for- 
mula (l-c). 

[021 3] According to properties of the compound, the ligand can be directly reacted with the metallic compound without 
producing a phenoxide salt, whereby the con^esponding transition metal compound can be synthesized. For exanple. 
the following compound is reacted with a base to produce a salt, and then the salt is reacted with the transition metal 
halide to prepare the corresponding transition metal compound. 
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IS [0214] As the olefin polymerization catalyst, the transition metal compounds (A-1) and (A-2) described above can be 
used singly or in combination of two or more kinds, or further in combination other with transition metal compounds. 
(021 5] Examples of other transition metal compounds include known transition metal compounds comprising ligands 
containing a hetero atom such as nitrogen, oxygen, sulfur, boron or phosphorus. 

20 Other transition metal compounds 

[021 6] Examples of the transition metal compounds other than the transition metal compounds (A-1 ) and (A-2). which 
may be used in the invention, include the following compounds. 

25 (1) Transition metal imide compound represented by the following formula: 

X 



35 




in the above formula, M is a transition metal atom of Group 8 to Group 10 of the periodic table, preferably 
40 nickel, palladium or platinum. 

R^** to R^'^ may be the same or different and are each a hydrocarbon group of 1 to 50 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 50 carbon atoms, a hydrocarbon-substituted silyl group, or a hydrocarbon group 
substituted with a substituent containing at least one element selected from nitrogen, oxygen, phosphorus, sulfur 
and silicon. 

45 Two or more of the groups indicated by R^^ to R^^. preferably adjacent groups, may be boned to each other to 

form a ring. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carix)n atoms, a halogenated hydrocar- 
bon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group or a nitrogen-containing group, q is an integer of 0 to 4. When q is 2 or greater, plural groups X may be the 
50 same or different. 

(2) Transition metal amide conpound represented by the following formula: 



55 
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R' 

I 

A 

((Em)A)n\ / MXp 

N 

I 



10 



In the above formula, M is a transition metal atom of Group 3 to Group 6 of the periodic table, preferably tita- 
nium, zirconium or hafnium. 

75 R' and R" may be the same or different and are each a hydrogen atom, a hydrocarbon group of 1 to 50 carbon 

atoms, a halogenated hydrocarbon group of 1 to 50 carbon atoms, a hydrocarbon-substituted silyl group, or a sub- 
stituent having at least one element selected from nitrogen, oxygen, phosphorus, sulfur and silicon. 

A Is an atom of Group 1 3 to Group 1 6 of the periodic table, specifically boron, cart>on, nitrogen, oxygen, silicon, 
phosphorus, sulfur, germanium, selenium, tin or the like, preferably carbon or silicon. 

20 m is an integer of 0 or 2, and n is an integer of 1 to 5. When n is 2 or greater, plural A nfiay be the same or 

different. 

E is a substrtuent having at least one element selected from carbon, hydrogen, oxygen, halogen, nitrogen, sul- 
fur, phosphorus, boron and silicon. When m is 2, two of E may be the same or different, or may be bonded to each 
other to form a ring. 

25 X Is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocar- 

bon group of 1 to 20 caiton atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group or a nitrogen-containing group, p is an integer of 0 to 4. When p is 2 or greater, plural groups X may be the 
same or different. 

X is preferably a halogen atom, a hydrocarbon grope of 1 to 20 carbon atoms or a sulfonate group. 
30 (3) Transition metal diphenoxy compound represented by the following formula: 

/(A)rO, 

(AOmO 



40 

In the above formula. M is a transition metal atom of Group 3 to Group 1 1 of the periodic table. 
I and m are each an Integer of 0 orl. 

A and A* are each a hydrocarbon group of 1 to 50 carbon atoms, a halogenated hydrocarbon group of 1 to 50 
cartx)n atoms, or a hydrocarbon group or a halogenated hydrocarbon group of 1 to 50 carbon atoms each having 
45 a substituent containing oxygen, sulfur or silicon; and A and A' may be the same or different. 

B is a hydrocarbon group of 0 to 50 cart>on atoms, a halogenated hydrocart)on group of 1 to 50 carbon atoms, 
a group represented by R^ P?Z, oxygen or sulfur. R^ and R^ are each a hydrocart>on group of 1 to 20 carbon atoms 
or a hydrocartxsn group of 1 to 20 cartx)n atoms containing at least one hetero atom, and Z is a carbon atom, a 
nitrogen atom, a sulfur atom, a phosphorus atom or a silicon atom. 
50 n is a number satisfying a valence of M. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocar- 
bon group of 1 to 20 cartx)n atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group or a nitrogen-containing group. When n is 2 or greater, plural groups X may be the same or different or may 
be bonded to each other to form a ring. 
55 (4) Transition metal compound represented by the following formula and comprising a ligand having cyclopentadi- 
enyl skeleton containing at least one hetero atom: 
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In the above formula, M is a transition metal atom of Group 3 to Group 1 1 of the periodic table. 
X is an atom of Group 13. Group 14 or Group 15 of the periodic table, and at least one X is an element other 
15 than carbon. 

Each R may be the same or different and is a hydrogen atom, a halogen atom, a hydrocarbon group, a halo- 
genated hydrocarbon group, a hydrocarbon-substituted silyl group, or a hydrocartx)n group substituted with a sub- 
stituent containing at least one element selected from nitrogen, oxygen, phosphorus, sulfur and silicon. Two or 
more of R may be bonded to each other to form a ring. 
20 a is 0 or 1 , and b is an integer of 1 to 4. When b is 2 or greater, groups [((R)a}5-X5] may be the same or different, 

and Rs may be bridged to each other. 

cis a number satisfying a valence of M. 

Y is a hydrogen atom, a halogen atom, a hydrocart)on group of 1 to 20 carbon atoms, a halogenated hydrocar- 
bon group of 1 to 20 caiton atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
25 group or a nitrogen-containing group. When c is 2 or greater, plural groups Y may be the same or different, and may 
be bonded to each other to form a ring. 

(5) Transition metal compound represented by the formula PB(Pz)3MXn. 

In the above formula, M Is a transition metal atom of Group 3 to Group 1 1 of the periodic table; R is a hydrogen 
atom, a hydrocarbon group of 1 to 20 cartK>n atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms; 
30 and Pz is a pyrazolyl group or a substituted pyrazolyl group, 
n is a number satisfying a valence of M. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocar- 
bon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group or a nitrogen-containing group. When n is 2 or greater, plural groups may be the same or different or may be 
35 bonded to each other to form a ring. 

(6) Transition metal oonnpound represented by the following formula: 



40 



45 



23 T>24 




In the above formula. Y^ and Y^ may be the same or different and are each an element of Group 15 of the peri- 
odic table, and Y^ is an element of Group 16 of the periodic table. 
50 R^^ to R^^ may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocarbon group 

of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group or a silicon-containing group, and two or more of them may be bonded to each other to 
form a ring. 

(7) Compound comprising a compound represented by the following formula and a transition metal atom of Group 
55 8 to Group 1 0 of the periodic table: 
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p33 N^r3* 



In the above formula, R^^ to R^* may be the same or different, they are each a hydrogen atom, a halogen atom, 
a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms, and 
two or more of them may be bonded to each other to form a ring. 
(8) Transition metal compound represented by the following formula: 



20 




In the above formula, M is a transition metal atom of Group 3 to Group 11 of the periodic table. 
30 m Is an integer of 0 to 3, n Is an integer of 0 or 1 , p is an Integer of 1 to 3. and q Is a number satisfying a valence 

ofM. 

p4i p48 ppigy g^ppjg different, they are each a hydrogen atom, a halogen atom, a hydrocartx)n group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group or a nitrogen-containing group, and two or (note of them may 
35 be bonded to each other to form a ring. 

X Is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocar- 
bon group of 1 to 20 cattx)n atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group or a nitrogen-containing group. When q is 2 or greater, plural groups X may be the same or different or may 
be bonded to each other to form a ring. 
40 Y is a group to bridge a boratabenzene ring and is carbon, silicon or germanium. 

A is an element of Group 14, Group 15 or Group 16 of the periodic table. 

(9) Transition metal compound other than the aforesaid compound (4) and containing a ligand having cyciopenta- 
dienyl skeleton. 

(10) Compound containing magnesium, titanium and halogen as essential ingredients 

45 The olefin polymerization catalyst according to the invention comprises the transition metal compound (A- 1 ) or 

(A-2), and optionally, it may further comprise at least one compound (B) selected from the group consisting of: 

(B-1) an organometallic conrpound. 
(B-2) an organoaluminum oxy-compound, and 
so (B-3) a compound which reacts with the transition metal compound (A-1) or (A-2) to form an ion pair. 

[0217] Next, each compound as the component (B) is described. 

(B-1^ Qraanometallic compourxj 

55 

[0218] Examples of the organometallic compounds (B-1) which are optionally used in the Invention Include organo- 
metallic conrpounds containing metals of Group 1 , Group 2, Group 1 2 and Group 1 3 of the periodic table, such as those 
described below. 
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(B-la) Organoaluminum compound represented by the following formula: 

R«^AI(OR^nHpXq 

wherein R^ and R'' may be the same or different and are each a hydrocart)on group of 1 to 15 carbon atoms, pref- 
erably 1 to 4 carbon atoms: X Is a halogen atom; and m. n, p and q are numbers satisfying the conditions of 0<ms3, 
0^n<3, 0^p<3, 0^<3 and m+a+p+q = 3 . 

(B-1b) AlkyI complex compound comprising a metal of Group 1 and aluminum and represented by the following for- 
mula: 

m2air% 

wherein is Li, Na or K; and R* is a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms. 
(B-1c) DialkyI compound containing a metal of Group 2 or Group 12 and represented by the following formula: 

R^R^'M^ 

wherein R^ and R^ may be the same or different and are each a hydrocarbon group of 1 to 15 cart)on atoms, pref- 
erably 1 to 4 carbon atoms; and is Mg. Zn or Cd. 

[021 9] Examples of the organoaluminum compounds (B-1 a) include: 

an organoaluminum compound represented by the following formula: 

R^^(ORVm 

wherein R^ and R^ may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms, pref- 
erably 1 to 4 carbon atoms, and m as preferably a number satisfying the condition of 1.5^m^3; 
an organoaluminum compound represented by the following formula: 

wherein R^ is a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms, X is a halogen atom, 
and m is preferably a nunrber satisfying the condition of 0<m<3; 
an organoaluminum compound represented by the following formula: 

wherein R^ is a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms, and m is preferably a 

number satisfying the condition of 2^m<3; 

and 

an organoaluminum compound represented by the following formula; 

R^^AI(OR^„Xq 

wherein R^ and R^ may be the same or different and are each a hydrocarbon group of 1 to 15 cartxin atoms, pref- 
erably 1 to 4 carbon atoms. X is a halogen atom, and m. n and q are numbers satisfying the conditions of 0<m^3, 
0£n<3, 0^q<3 and rm-n+q - 3 . 

[0220] Particular examples of the organoalunvnum compounds (B-la) include: 

tri-n-alkylalumlnums, such as trimethylaluminum. triethylaluminum. tri-n-butylaluminum, tripropylaluminum. trip- 
entylaluminum, trihexylaluminum, trioctylaluminum and tridecylaluminum; 

branched-chain trialkylaluminums, such as triisopropylaluminum. triisobutylaluminum, tri-sec4xitylaluminum. tri- 
tert-butylaluminum, tri-2-methylbutylaluminum, tri-3-methylbutylaluminum. tri-2-methylpentylaluminum, tri-3-meth- 
ylpentylaluminum. trl-4-methylpentylaluminum. tri-2-m6thylhexylaluminum, tri-3-methylhexylaluminum and tri-2- 
ethylhexylaluminum; 

tricycloalkylaluminums, such as tricyclohexylaluminum and tricydooctylaluminum; 
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triarylaluminums, such as tiiphenylaluminum and tritotylaluminum; 

dialkytaluminum hydrides, such as diisobutylaluminum hydride and diisobutylaluminum hydride; 
trialkenylaiuminums, e.g., those represented by the formula Ci-C4Hg)xAly(C5Hio)z (wherein x. y and z are each a 
positive number, and zg2x). such as isoprenylaluminum; 

aikylaluminum alkaxides. such as Isobutylaluminum methoxide. isobutylalumlnum ethoxide and isobutylaluminum 
isopropoxide; 

dialkytaluminum alkoxides. such as dimethylaluminum methoxide. diethylaluminum ethoxide and dibutylaluminum 
butoxide; 

aikylaluminum sesquialkoxides, such as ethylaluminum sesquiethoxide and butylaluminum sesquibutoxide; 
partially alkoxylated alkylaluminums, such as those having an average composition represented by 
R«2.5AI(OR^o.5; 

dialkylaluminum aryloxides. such as diethylaluminum phenoxide, diethylaluminum(2,6-di-t-butyl-4-methylphenox- 
ide), ethylaluminumbis (2,6-di-t-butyl-4'methylphenoxide), dtisobutylalumium(2.6-di-t-butyl*4-methytphenoxide) 
and isobutylaluminumbis(2,6-di-t-butyl-4-methylphenoxkJe); 

dialkylaluminum halides, such as dimethylaluminum chlorkJe, diethylaluminum chloride, dibutylaluminum chloride, 
diethylaluminum bromide and diisobutylaluminum chloride; 

aikylaluminum sesquihalides, such as ethylaluminum sesquichloride. butylaluminum sesquichloride and ethylalu- 
minum sesquibromide, 

partially halogenated alkylaluminums, such as ethylaluminum dichloride, propylaluminum dichioride and butylalu- 
minum dibromide; 

dialkylaluminum hydrides, such as diethylaluminum hydride and dibutylaluminum hydride; 
partially hydrogenated alkylaluminums. e.g.. aikylaluminum dihydrides. such as ethylaluminum dihydride and pro- 
pylaluminum dihydride; and 

partially alkoxylated and halogenated alkylaluminums, such as ethylaluminum ethoxychloride, butylaluminum 
butoxychloride and ethylaluminum ethoxybromide. 

[0221 ] Also employable are compounds analogous to the organoaluminum compound (B-1a). For example, there can 
be mentioned organoaluminum compounds wherein two or more aluminum compounds are combined through a nitro- 
gen atom, such as (C2H5)2AIN(C2H5)AI(C2H5)2. 

[0222] Examples of the compounds (B-lb) Include LiAI(C2H5)4 and LiAI(C7Hi5)4. 

[0223] Other compounds, also employable as the organometallic compounds (B-1) include methyllithium, ethyllithium, 
propyllithium, butyllithium. methylmagnesium bromide, methylmagnesium chloride, ethylmagnesium bromide, ethyl- 
magnesium chloride, propylmagnesium bromide, propylmagnesium chloride, butylmagnesium bromide, butylmagne- 
slum chloride, dimethylmagnesium. diethylmagnesium, dibutytmagnesium and butylethylmagnesium. 
[0224] Combinations of corrpounds capable of producing the above-mentioned organoaluminum compounds In the 
polymerization system, e.g.. a combination of halogenated aluminum and alkyllithium and a combination of halogen- 
ated aluminum and alkylmagnesium, are also employable. 

[0225] Of the organometallic compounds (B-1), the organoaluminum compounds are preferable. 

[0226] The organometallic compounds (B-1 ) mentioned above are used singly or in combination of two or more kinds. 

(B-2) Organoaluminum oxy-compound 

[0227] The organoaluminum oxy-compound (B-2) which is optionally used in the invention may be conventional alu- 
minoxane or a benzene-insoluble organoaluminum oxy-oompound such as exemplified in Japanese Patent Laid-Open 
Publication No. 78687/1990. 

[0228] The conventional aluminoxane can be prepared by, for example, the following processes, and Is generally 
obtained as a hydrocarbon solvent solution. 

(1) An organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium suspension of a 
compound containing adsorption water or a salt containing water of crystallization, e.g., magnesium chloride 
hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nid<el sulfate hydrate or cerous chloride hydrate, to allow 
the organoaluminum compound to react with the adsorption water or the water of crystallization. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound such as trialkylaluminum 
in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) An organotin oxide such as dimethyltin oxide or dibutyltin oxide is allowed to react with an organoaluminum 
compound such as trialkylaluminum in a medium such as decane, benzene or toluene. 

[0229] The aluminoxane may contain a small amount of an organometallic component. Further, it is possible that the 



111 



9 



EP0 990 664A1 



solvent or the unreacted organoaluminum compound is distilled off from the recovered solution of aluminoxane and the 
remainder is redissoived in a solvent or suspended in a poor solvent for aluminoxane. 

[0230] Examples of the organoaluminum compounds used for preparing the aluminoxane include the same organoa- 
luminum compounds as previously described with respect to the organoaluminum corrpound (B-la). Of these, prefer- 

5 able are trialkylaluminums and tricycloalkylaluminums. Particularly preferable is trimethylaluminum. 
[0231] The organoaluminum compounds are used singly or in combination of two or more kinds. 
[0232] Examples of the solvents used for preparing the aluminoxane include aromatic hydrocarbons, such as ben- 
zene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane, hexane. heptane, octane, 
decane, dodecane. hexadecane and octadecane; alicyclic hydrocarbons, such as cyclopentane. cydohexane, cyclooc- 

w tane and methylcydopentane; petroleum fractions, such as gasoline, kerosine and gas oil; and halogenated products 
of these aromatic, aliphatic and alicyclic hydrocartx)ns (e.g., chlorinated or brominated products thereof). Also employ- 
able are ethers such as ethyl ether and tetrahydrofuran. Of the solvents, particularly preferable are aromatic hydrocar- 
bons and aliphatic hydrocartxns. 

[0233] The benzene-insoluble organoaluminum oxy-compound for use in the invention is preferably an organoalumi- 
;5 num oxy-compound containing an Al component which is soluble in benzene at 60 ""C, in an amount of usually not more 
than 10 %, preferably not more than 5 %, particularly preferably not more than 2 %, in terms of Al atom. That is, the 
benzene-insoluble organoaluminum oxy-compound is preferably insoluble or sparingly soluble in benzene. 
[0234] The organoaluminum oxy-compound for use in the invention is, for example, an organoaluminum oxy-com- 
pound containing boron and represented by the following formula (IV): 

20 

f f?' 
Ai-O—B— 0-AI 

4' V' (IV) 



wherein R^^ is a hydrocarbon group of 1 to 1 0 cartson atoms: and each R^^ may be the same or different and is a hydro- 
30 gen atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon atoms. 

[0235] The organoaluminum compound containing k)oron and represented by the formula (IV) can be prepared by 
allowing an alkylboronic acid represented by the following formula (V): 

R20-B-(OH)2 (V) 

35 

wherein R^^ is the same group as described above, to react with an organoaluminum compound in an inert solvent at 

a temperature of -80 °C to room temperature for 1 minute to 24 hours under an inert gas atmosphere. 

[0236] Examples of the alkylboronic acids represented by the formula (V) include methyiboronic acid, ethylboronic 

40 acid, isopropylboronic add, n-propylboronic add. n-butylboronic acid, isobutylboronic acid, n-hexylt)oronic add. 
cydohexylboronic acid, phenylboronic acid. 3,5-difluorophenylboronic acid, pentafluorophenylboronic acid and 3,5- 
bis(trif iuoromethyl)phenylboronic acid. Of these, preferable are methyiboronic acid, n-butylboronic acid, isobutylboronic 
acid. 3,5-difluorophenyIboronic add and pentafluorophenylboronic acid. 
[0237] These alkylboronic acids are used singly or in combination of two or more kinds. 

45 [0238] Examples of the organoaluminum compounds to be reacted with the alkylboronic acid include the same orga- 
noaluminum compounds as previously described with respect to the organoaluminum compound (B-1 a). Of these, pref- 
erable are trialkylaluminums and tricycloalkylaluminums. Particularly preferable are trimethylaluminum, 
triethylaluminum and triisobutylaluminum. These organoaluminum compounds are used singly or in combination of two 
or more kinds. 

50 [0239] The organoaluminum oxy-compounds (B-2) mentioned above are used singly or in combination of two or more 
kinds. 

(B-3) Comoound which reacts with the transition metal compound to form ion pair 

55 [0240] The compound (B-3) which reacts with a transition metal compound to form an ion pair (referred to as "ionizing 
ionic compound" hereinafter), that is optionally used in the invention, is a compound which reacts with the aforesaid 
transition metal compound (A-1) or (A-2) to form an ion pair, so that any compound which forms an ion pair by the con- 
tact with the transition metal compound (A-1) or (A-2) is employable as the compound (B-3). 
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[0241] Examples of such compounds includes Lewis adds, an ionic compounds, Ixrane compounds and carborane 
compounds described in Japanese Patent Laid-Open Publications No. 501950/1989. No. 502036/1989, No. 
179005/1991. No. 179006/1991. No, 207703/1991 and No. 207704/1991. and U.S. Patent No. 5.321.106. A heteropoly 
compound and an isopoly compound may also be employed. 

[0242] The Lewis acids are, for example, compounds represented by BR3 (R is fluorine or a phenyl group which may 
have a substituent such as fluorine, methyl or trifluoromethyl). Examples of such compounds Include trtfluoroboron, 
trlphenylboron. trls(4-fluoropheny()boron, tris(3,5-dffluorophenyl)boron, tris(4-fluoromethylphenyl)boron, tris(pen- 
tafluorcphenyl)boron, tris(p-tolyl)boron. tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron. 
[0243] The ionic compounds are, for example, compounds represented by the following formula (VI): 

R^® (VI) 



[0244] In the above formula, R^^ is H^, cartonium cation, oxonium cation, ammonium cation, phosphonium cation, 
cycloheptyltrienyl cation, ferrocenium cation having a transition metal, or the like. 

[0245] R^^ to R^^ may be the same or different and are each an organic group, preferably an aryl group or a substi- 
tuted aryl group. 

[0246] Examples of the cartx)nium cations include tri-substituted carbonium cations, such as triphenylcai1x)nium cat- 
ion, tri(methylphenyl)carbonium cation and tri(dimethylphenyl)carbonium cation. 

[0247] Examples of the ammonium cations Include trialkylammonium cations, such as trimethylammonium cation, tri- 
ethylammonium cation, tripropylammonium cation, tributylammonium cation and tri(n-butyl) ammonium cation; N,N- 
dialkylanilinium cations, such as N.N-dimethylanilinium cation, N,N-diethylanilinium cation and N,N-2.4,6-pentamethyl- 
anilinium cation; and dialkylammonium cations, such as di(isopropyl)ammonium cation and dicyclohexylammonium 
cation. 

[0248] Examples of the phosphonium cations include ti'iarylphosphonium cations, such as triphenylphosphonium cat- 
ion. tri(methylphenyl)phosphonium cation and tri(dimetiiylphenyl)phosphonium cation. 

[0249] R^^ is preferably carbonium cation or ammonium cation, particularly preferably triphenylcarbonium cation, 
N.N-dimethylanilinium cation or N.N-diethylanilinium cation. 

[0250] Also employable as the ionic compound is a trialkyl-substituted amnfx)nium salt, a N,N-dialkylaniIinium salt, a 
dialkylamnx)nlum salt or a triarytphosphonium salt. 

[0251 ] Examples of tiie trialkyl-substituted ammonium salts include triethylammoniumtetra(phenyl)boron, f Ipropylam- 
moniumtetra(phenyl)boron. ti'i(n-butyl)ammoniumtetra(phenyl)boron, trimethylammoniumtetra(p-tolyl)boron, trimethyl- 
ammoniumtetra(o-tolyl)boron, tri(n-butyl)ammoniumtetra(pentafluorophenyl)boron. tripropylammoniumtetra(o,p- 
dimethylphenyl)boron, tri(n4xjty1)ammoniumtetra(m,m-dimethylphenyl)boron, tri(n-butyl)ammoniumt6tra(p-trifluor- 
omethylphenyl)boron, trl(n-butyt)ammoniumtetra(3,5-ditrifluoromethylphenyl)boron and tri(n-butyl)ammoniumtetra(o- 
tolyl)boron. 

[0252] Examples of the N,N-dialkylanilinium salts include N,N-dimethylaniliniumtetra(phenyl) boron. N,N-diethylaniiin- 
iumtetra(phenyl)boron and N,N-2,4.6-pentam6thylaniliniumtetra(phenyl)boron. 

[0253] Examples of the dialkylammonium salts include di(1-propyl)ammoniumtetra(pentafluorophenyl)boron and 
dicycloh6xylammoniumtetra(phenyl)boron. 

[0254] Further employable as the Ionic compounds are triphenylcarbeniumtetrakis(pentafluorophenyl)borate, N.N- 
dimethylaniliniumtetrakis(pentafluorophenyl)borate. ferroceniumtetra(pentafluorophenyl)borate. triphenylcarbe- 
niumpentaphenylcyclopentadienyl complex. N.N-diethylanitiniumpentaphenylcyclopentadienyl complex and a boron 
compound represented by the formula (VII): 
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(VII) 



wherein Et is an ethyl group, or the formula (VIII): 




(VIII) 



[0255] Examples of the borane compounds include: 
decaborane(14); 

salts of anions, such as bis[tri(n-butyl)ammonium]nonaborate, Bis[tri(n-butyl)ammonium]decaborate, bis[tri(n- 
butyl)ammonlum]undecaborate, bis[tri(n-butyl)ammonium]dodecaborate. bls[tri(n-butyl)ammonlum)decachloro- 
decaborate and bis[tri(n-butyt)ammonlum]dodecachlorododecaborate; and 

salts of metallic borane anions, such as tri(n-butyl)ammoniumbis(dodecahydridododecaborate)cobaltate (III) and 
bis[tri(n-butyl)ammonium]bis-(dodecahydridododecaborate)nickelate(lll). 

[0256] Examples of the carfcxxane compounds include: 

salts of anions, such as 4-cart>anonaborane(14), 1,3-dicart5anonaborane(13), 6,9-dicart5adecaborane (14), dodec- 
ahydrido-1 -phenyl-1 ,3-dicart>anonaborane, dodecahydrido-1 -methyl-1 ,3-dicarbanonaborane, undecahydrido-1 ,3- 
dimethyl-1,3-dicarbanonaborane, 7,8-<licart>aundecaborane(13), 2,7-dicarbaundecaborane(13), undecahydrido- 

7.8- dimethyl-7,8-dicarbaundeGaborane. dodecahydrido-1 1 -methyl-2.7-dicarbaundecaborane, tri(n-butyl)ammo- 
nium-1 -cart>adecaborate, tri(n-butyl)ammonium-1 -cart>aundecaborate, tri(n-butyl)ammonium-1 -cartadodecabo- 
rate, tri(n-butyl)ammonium-1-trimethylsilyl-1-cart)adecaborate, tri(n-butyl)ammoniumbromo-1-carbadodecaborate, 
tri(n-butyl)ammonium-6-carbadecaborate(14), tri(n-butyl)ammonium-6-carbadecaborate(12), tri(n-butyl)ammo- 
nium-7-cart>aundecaborate(13), trl(n-butyl)amnx)nium-7,8-dicarl>aundecaborate(12), tri(n-butyl)ammonium-2,9- 
dicarbaundecaborate(12), tri(n-butyl)ammonlumdodecahydrido-8-methyl-7.9-dicarbaundecaborate, tri(n- 
butyl)ammoniumund6cahydrido-8-ethyl-7,9-dicarbaundecaborate, trl(n-butyl)amnrK)nlumundecahydrido-8-butyi- 

7.9- dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-allyl-7,9-dicarbaundecaborate, tri(n-butyl)ammo- 
niumundecahydrido-9-trimethylsilyl-7,8-dicart)aundecaborate and tri(n-butyl)ammoniumundecahydrido-4,6- 
dibromo-7-carbaundecaborate; and 

salts of metallic carborane anions, such as tri(n-butyl)ammoniumbis(nonahydrido-1,3'dicarbanonaborate)cobal- 
tate(lll). tri(n-butyl)ammon)umbis(undecahydrido-7,8- dicarbaundecaborate)ferrate(lll), tri(n-butyl)ammoni- 
umbis(undecahydrido-7,8-dicart}aundecaborate)cobaltate(lll), trl(n-butyl)ammoniumbis(undecahydrido-7,8- 
dicarbaundecaborate)nickelate(l 1 1). trl(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecabo- 
rate)cuprate(III), tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborate)aurate(lll), tri(n-butyl)ammoni- 
umbis(nonahydrido-7,8<limethyl-7,8<dicart>aundecaborate)fen'ate(lll). tri(n'butyl)ammoniumbis(nonahydrido-7,8- 
dimethyl-7,8-dicarbaundecaborate)chromate(lll), tri(n-bu1yOanvnoniumbis(tribronfiooctahydrido-7.8-dicatbaunde- 
caborate)cobaltate(lll), tris[tri(n-butyl)ammonium]bis(undecahydrido-7-cart)aundecaborate)chromate(lli). bis [tri(n- 
butyl)ammonium] bis(undecahydrido-7-carbaundecaborate)manganate(IV). bis[tri(n>butyl)ammonium]bis(undec- 
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ahydrido-7-cart)aundecaborate)cobaltate (III) and bis [tri(n4Hityl)amrTK)nium]bis(undecahydrido-7<art>aunde^ 
rate)nickelate(IV). 

[0257] The heteropoly compourKi comprises an atom of silicon, phosphorus, titanium, germanium, arsenic or tin and 
5 one or more atoms selected from vanadium, niobium, molybdenum and tungsten. Examples of such compounds 
include phosphovanadic acid, germancvanadic acid, arsenovanadic acid, phosphoniobic add. germanoniobic acid, sil> 
icomolybdic acid, phosphomolybdic add, titanomolybdic acid, germanomolybdic acid, arsenomolybdic acid, stannomo- 
lybdic acid, phosphotungstic acid, germanotungstic acid, stannotungstic add, phosphon(X)lybdovanadic add. 
phosphotungstovanadic acid, germanotaungstovanadic add, phosphomolybdotungstovanadic acid, germanomolyb- 
10 dotungstovanadic add, phosphomolybdotungstic acid, phosphomolybdoniobic acid, metallic salts of these acids, spe- 
cifically, salts of these adds, for example with metals of Group 1 or 2 of the periodic table such as lithium, sodium, 
potassium, rubidium, cesium, beryllium, magnesium, caldum. strontium and barium, organic salts of the above acids 
such as triphenylethyl salt, and isopoly compounds, but not limited thereto. 

[0258] These heteropoly compounds and isopoly compounds may be used singly or in conribination of two or more 
IS kinds. 

[0259] The ionizing ionic compounds (B-3) mentioned above may be used singly or in combination of two or more 
kinds. 

[0260] When the transition metal compound (A-1) or (A-2) is used as a catalyst, an olefin polymer having a high 
molecular weight can be obtained with a high polymerization activity. If the organoaluminum oxy-conpound (B-2) such 
20 as methylaluminoxane is used as a cocatalyst component in combination, the catalyst exhibits an extremely high polym- 
erization activity for the olefins. If the ionizing ionic compound (B-3) such as triphenylcartMniumtetrakis(pentaf tuoroph- 
enyl)borate is used as a cocatalyst component, an olefin polymer having an extremely high molecular weight can be 
obtained with an excellent activity 

[0261 ] In the olefin polymerization catalyst of the invention, the below-described carrier (C) can optionally be used, in 
25 addition to the above-mentioned transition metal compound (A-1 ) or (A-2) and at least one compound (B) selected from 
the organometallic compound (B-1). the organoaluminum oxy-compound (B-2) and the ionizing ionic compound (B-3). 

(C) Carter 

30 [0262] The carrier (C) optionally used in the invention is an inorganic or organic compound In the form of granular or 
particulate solid. As the Inorganic compounds, porous oxides, inorganic chlorides, day, clay minerals or ion-exchange 

layered compounds are preferable. 

[0263] Examples of the porous oxides include Si02, AI2O3. MgO, ZrO, Ti02. B2O3, CaO. ZnO. BaO. Th02, and com- 
plex compounds or mixtures containing these oxides, such as natural or synthetic zeolite, Si02-MgO, Si02-Al203. Si02- 
35 Ti02, Si02-. V2O5, Si02-Cr203 and Si02-Ti02-MgO. Of these, preferable are compounds containing Si02 and/or AI2O3 
as the main component. 

[0264] The inorganic oxides may contain small amounts of carbonate, sulfate, nitrate and oxide components, such as 
NagCOa. K2CO3. CaC03, MgCOa. Na2S04. Al2(S04)3. BaS04, KNO3. Mg(N03)2. AKNOgja, Na20. K2O and Li20. 
[0265] Although the porous oxides differ in their properties depending upon the type and the preparation process 
40 thereof, the carrier preferat}ly used in the invention has a partide diameter of 10 to 300 ^m, preferably 20 to 200 ^m. a 
specific surface area of 50 to 1 .000 m^/g. preferably 100 to 700 m^/g. and a pore volume of 0.3 to 3.0 cm^/g. If neces- 
sary, the carrier may be calcined at 1 DO to 1 ,000 *C, preferably 150 to 700 ""C. prior to use. 

[0266] Examples of the inorganic chlorides employable in the invention indude MgClg, MgBr2, MnCl2 MnBr2. The 
inorganic chloride may be used as it is, or may be used after pulverized by. for example, a ball mill or an osdilating mill. 
45 The inorganic chloride may also be used as fine particles of a obtained by dissolving the inorganic chloride in a solvent 
such as alcohol and then predpitating using a predpitant 

[0267] The clay employable as a earner in the invention is generally composed mainly of clay minerals. The ion- 
exchange layered-compounds employable as a carrier in the invention is compounds having a crystal structure wherein 
planes formed by ionic bonding or the like are laminated in parallel to one another with a weak bond strength, and the 
so ions contained therein are exchangeable. Most of clay minerals are ion-exchange layered compounds. The day, the 
clay minerals and the ion-exchange layered compounds employable in the Invention are not limited to natural ones but 
Include synthetic ones. 

[0268] Examples of such clay, clay minerals and ion-exchange layered compounds include day, clay minerals and ion 
crystalline compounds having layered crystal structures such as hexagonal closest packing type, antimony type, CdCl2 
55 type and Cdl2 type. 

[0269] Particular exanrples of the clay and the clay minerals include kaolin, bentonite, kibushi clay, gairome clay, alio- 
phane, hisingerite, pyrophyllite, mica, montmorillonite, vermiculite, chlorite, palygorskHe, kaolinite, nacrite, dickite and 
halioysite. Particular examples of the ion-exchange layered compounds include crystalline add salts of polyvalent met- 
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als, such as a-2r(HAs04)2 • H2O. a-Zr(HP04)2. a-Zr(KP04)2 -SHgO, a-Ti(HP04)2. a-Ti(HAs04)2 • HgO. a-Sn{HP04)2 • 

H2O. r-Zr(HP04)2. rTi(HP04)2 and Y-Ti(NH4P04)2 • H2O. 

[02701 The clay, the clay minerals and the ion-exchange layered compounds are preferably those having a pore vol- 
ume, as measured on pores having a radius of not less than 20 A by a mercury penetration method, of not less than 0. 
5 1 cc/g. and are particularly preferably those having a pore volume of 0.3 to 5 oc/g. The pore volume is measured on the 
pores having a radius of 20 to 3x10^ A by a mercury penetration method using a mercury porostmeter. 
[0271] K a compound having a pore volume, as measured on pores having a radius of not less than 20 A, of less than 
0.1 cc/g is used as the carrier, high polymerization activity tends to be hardly obtained. 

[0272] It is also preferable that the clay and the clay minerals to be used in the invention are subjected to chemical 
10 treatments. Any of surlace treatments, for example, to remove impurities attached to the surlace and to influence on the 
crystal structure of the clay, are employable. Examples of such chemical treatments include acid treatment, alkali treat- 
ment, salt treatment and organic substance treatment. The acid treatment can contribute to not only removing impuri- 
ties from the surface but also eluting cations such as Al, Fe and Mg present in the crystal structure to increase the 
surface area. The alkali treatment can destroy crystal structure of clay to bring about change in the structure of the clay. 
15 The salt treatment and the organic substance treatment can produce, for example, ionic composites. rTX)tecular com- 
posites, or organic derivative to change the surface area or the distance between layers. 

[0273] The ion-exchange layered compound for use in the invention may be a layered compound in which the 
exchangeable ions between layers have been exchanged with other large and bulky ions utilizing Ion exchange proper- 
ties to enlarge the distance between the layers. The bulky ion plays a pillar-like roll to support the layer structure and is 

20 generally called a "pillar". Introduction of other substances between layers of a layered compound is called "intercala- 
tion". Examples of the guest compounds to be intercalated include cationic inorganic compounds, such as TiCl4 and 
ZrC^; metallic alkoxides, such as Ti(0R)4, Zr(0R)4, P0(0R)3 and B(0R)3 (R is a hydrocarbon group or the like); and 
metallic hydroxide ions, such as [Ali304(OH)24]^*. l^U(OH)^^^* and [Fe30(OCOCH3)6]*. 
[0274] The compounds mentioned above may be used singly or in combination of two or more kinds. 

25 [0275] The intercalation of the compounds may be carried out in the presence of polymers obtained by hydrolysis of 
metallic alkoxides such as Si(0R)4. AI(0R)3 and Ge(0R)4 (R is a hydrocarbon group or the like) or In the presence of 
colloidal inorganic compounds such as Si02. Examples of the pillars include oxides produced by intercalation of the 
above>mentioned metallic hydroxide ions between layers, followed by dehydration under heating. 
[0276] The clay, clay minerals and ion-exchange layered compounds mentioned above may be used as they are. or 

30 may be used after they are subjected to a treatment of ball milting, sieving or the like. Moreover, they may be used after 
they are subjected to water adsorption or dehydration under heating. The clay, clay minerals and ion-exchange layered 
compounds may be used singly or in combination of two or more kinds. 

[0277] Of the above-mentioned materials, preferable are clay and clay minerals, and particularly preferable are 
montmorillonite, vermiculite, hectorite, tenorite and synthetic mica. 
35 [0278] The organic compound is, for example, a granular or particulate solid compound having a particle diameter of 
10 to 300 ^m. Examples of such compounds include (co)polymers produced using an a-olefin of 2 to 14 carbon atoms 
such as ethylene, propylene, 1-butene or 4-methyl-1-pentene as a main ingredient. (co)poiymers produced using vinyl- 
cydohexane or styrene as a main ingredient, and modified products thereof. 

[0279] The olefin polymerization catalyst of the invention may further comprise the below-described specific organic 
40 compound (D). if necessary, in addition to the transition metal compound (A-1) or (A-2). at least one oonpound (B) 
selected from the organometallic compound (B-1), the organoaluminum oxy-compound (B-2) and the ionizing ionic 
compound (B-3). and the optionally used cannier (C). 

(D) Organic compound conrponent 

45 

[0280] In the present invention, the organic compound component (D) is optionally used to improve polymerizability 
and properties of the resulting polymer. Examples of the organic compounds include alcohols, phenolic compounds, 
carboxylic acids, phosphorus compounds and sulfonates, but not limited thereto. 

[0281] As the alcohols and the phenolic compounds, those represented by R^^-OH (R^** is a hydrocartx)n group of 1 
50 to 50 carbon atoms or a halogenated hydrocarbon group of 1 to 50 catt)on atoms) are generally employed. Preferable 

alcohols are those wherein R^^ is a halogenated hydrocarbon group. Preferable phenolic compounds are preferat}ly 

those wherein the a.a'-positions to the hydroxyl group are substituted with hydrocartx)n groups of 1 to 20 carbon atoms. 

[0282] As the carboxylic acids, those represented by R^^-COOH (R^^ is a hydrocarbon group of 1 to 50 carbon atoms 

or a halogenated hydrocarbon group of 1 to 50 carbon atoms, preferably a halogenated hydrocarbon group of 1 to 50 
55 carbon atoms) are generally employed. 

[0283] As the phosphorus compounds, phosphoric acids having P-O-H bond, phosphates having P-OR bond or PsO 

bond and phosphine oxide compounds are preferably employed. 

[0284] The sulfonates used in the invention are those represented by the following formula (IX): 
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[0285] In the above formula, M is an element of Group 1 to Group 14 of the periodic tat)le. 

[0286] is hydrogen, a hydrocartx)n group of 1 to 20 cart)on atoms or a halogenated hydrocarbon group of 1 to 20 

carbon atoms. 

[0287] X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydro- 
carbon group of 1 to 20 carbon atoms. 
[0288] m is an integer of 1 to 7, and 1 £nS7. 

[0289] In each of Fig. 1 and Fig. 2, a process for preparing the olefin polymerization catalyst of the invention is shown. 
[0290] Next, the process for olefin polymerization is described. 

[0291] The process for olefin polymerization according to the invention conprises (co)polymerizing an olefin in the 
presence of the catalyst described above. 

[0292] In the polymerization, any method of using and feeding and any order of feeding of the components can be 
selected, and, some examples are given below. 

(1) The transition metal compound (A-1) or (A-2) (simply referred to as "component (A)" hereinafter) Is fed to the 
polymerization reactor. 

(2) The component (A) arxl at least one compound (B) selected from the organometalllc compound (B-1 ), the orga- 
noalumlnum oxy-compound (B-2) and the ionizing ionic conpound (B-3) (simply referred to as "conrponent (B)" 
hereinafter) are fed to the polymerization reactor in an arbitrary order. 

(3) A catalyst obtained by previously contacting the component (A) with the component (B) is fed to the polymeri- 
zation reactor. 

(4) A catalyst component obtained by previously contacting the component (A) with the component (B), and the 
component (B) are fed to the polymerization reactor in an arbitrary order. In this case, the components (B) may be 
the same or different. 

(5) A catalyst component wherein the component (A) is supported on the carrier (C). and the component (B) are 
fed to the polymerization reactor In an arbitrary order. 

(6) A catalyst wherein the component (A) and the component (B) are supported on the canrier (C) Is fed to the 

polymerization reactor. 

(7) A catalyst component wherein the component (A) and the component (B) are supported on the carrier (C), and 
the component (B) are fed to the polymerization reactor in an arbitrary order. In this case, the components (B) may 
be the same or different. 

(8) A catalyst component wherein the component (B) is supported on the carrier (C), and the component (A) are 

fed to the polymerization reactor in an arbitrary order. 

(9) A catalyst component wherein the conponent (B) is supported on the carrier (C), the component (A) and the 
conrponent (B) are fed to the polymerization reactor in an arbitrary order. In this case, the corrponents (B) may be 
the same or different. 

(10) A conponent wherein the component (A) is supported on the earner (C), and a component wherein the com- 
ponent (B) is supported on the carrier (C) are fed to the polymerization reactor in an arbitrary order. 

(1 1 ) A component wherein the conponent (A) is supported on the canrier (C), a component wherein the conponent 
(B) is supported on the carrier (C), and the component (B) are fed to the polymerization reactor in an arbitrary 
order. In this case, the components (B) may be the same or different. 

(12) TTie component (A), the component (B) and the organic compound component (D) are fed to the polymeriza- 
tion reactor in an arbitrary order. 

(13) A component obtained by previously contacting the conponent (B) with the component (D), and the compo- 
nent (A) are fed to the polymerization reactor in an arbitrary order. 

(14) A conponent wherein the component (6) and the component (D) are supported on the cannier (C), and the 
conponent (A) are fed to the polymerization reactor in an arbitrary order. 

(15) A catalyst component obtained by previously contacting the component (A) with the component (B), and the 
conponent (D) are fed to the polymerization reactor in an arbitrary order. 
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(16) A catalyst component obtained by previously contacting the component (A) with the component (B). the com- 
ponent (B) and the component (D) are fed to the polymerization reactor in an arbitrary order. 

(17) A catalyst component obtained by previously contacting the component (A) with the component (B), and a 
component obtained by previously contacting the component (B) with the component (D) are fed to the polymeri- 
zation reactor in an arbitrary order. 

(18) A component wherein the component (A) is supported on the earner (C). the component (B) and the compo- 
nent (D) are fed to the polymerization reactor in an arbitrary order. 

(19) A component wherein the component (A) is supported on the carrier (C), and a component obtained by previ- 
ously contacting the component (B) with the component (D) are fed to the polymerization reactor in an arbitrary 
order. 

(20) A catalyst component obtained by previously contacting the component (A), the component (B) and the com- 
ponent (D) with one another is fed to the polymerization reactor. 

(21) A catalyst component obtained by previously contacting the component (A), the component (B) and the com- 
ponent (D) with one another, and the component (B) are fed to the polymerization reactor In an arbitrary order. In 
this case, the components (B) may be the same or different. 

(22) A catalyst wherein the component (A), the component (B) and the component (D) are supported on the carrier 

(C) is fed to the polymerization reactor. 

(23) A catalyst component wherein the component (A), the component (B) and the component (D) are supported 
on the carrier (C), and the component (B) are fed to the polymerization reactor in an arbitrary order. In this case, 
the components (B) may be the same or different. 

[0293] An olefin may be prepolymerized onto a solid catalyst component wherein the component (A) and the compo- 
nent (B) are supported on the carrier (C). 

[0294] In the process for olefin polymerization according to the invention, an olefin is polymerized or copolymerized 
in the presence of the olefin polymerization catalyst described above to obtain an olefin polymer. 
[0295] In the present invention, the polymerization can be carried out as any of liquid phase polymerization, such as 
solution polymerization or suspension polymerization, and gas phase polymerization. 

[0296] Examples of inert hydrocarbon media for use in the liquid phase polymerization include aliphatic hydrocarbons, 
such as propane, butane, pentane, hexane. heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons, 
such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and 
xylene; halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane; and nruxtures of 
these hydrocarbons. The olefin itself can be used as the solvent. 

[0297] In the polymerization of an olefin using the olefin polymerization catalyst, the component (A) may be used in 
an amount of usually 10"^^ to 10'^ mol. preferably 10"^° to 10"^ mol, based on 1 liter of the reaction volume. In the 
present invention, even if the component (A) is used in a relatively low concentration, an olefin can be polymerized with 
a high polymerization activity. 

[0298] The component (B-1) may used in such an amount that the molar ratio of the component (B-1) to the transition 
metal atom (M) in the component (A) ((B-1)/(M)) becomes usually 0.01 to 100.000, preferably 0.05 to 50,000, 
[0299] The component (B-2) may be used in such an amount that the molar ratio of the aluminum atom In the com- 
ponent (B-2) to the transition metal atom (M) in the component (A) ((B-2)/(M)) becomes usually 10 to 500,000, prefer- 
ably 20 to 100.000. 

[0300] The component (B-3) may be used in such an amount that the molar ratio of the component (B-3) to the tran- 
sition metal atom (M) in the component (A) ((B-3)/(M)) becomes usually 1 to 10, preferably 1 to 5. 
[0301 ] The component (D) may be used relative to the component (B) in such an amount that for the component (B- 
1) the molar ratio of (D)/(B-1) becomes usually 0.01 to 10. preferably 0.1 to 5; for the conrponent (B-2) the molar ratio 
of the conponent (D) to the aluminum atom in the component (B-2) ((D)/(B-2)) becomes usually 0.001 to 2. preferably 
0.005 to 1 ; and for the component (B-3) the molar ratio of (D)/(B-3) becomes usually 0.01 to 10, preferably 0.1 to 5. 
[0302] In the olefin polymerization using the olefin polymerization catalyst, the polymerization temperature may be In 
the range of usually -50 to 200 °C. preferably 0 to 170 °C. The polymerization pressure may be in the range of usually 
atmospheric pressure to 100 Kg/cm^, preferably atmospheric pressure to 50 kg/cm^. The polymerization reaction can 
be carried out by any of batchwise. semi-continuous and continuous processes. TTie polymerization can also be con- 
ducted in two or more stages under different reaction conditions. 

[0303] The molecular weight of the resulting polymer can be regulated by allowing hydrogen to be present in the 
polymerization system or by changing the polymerization temperature. The molecular weight can also be regulated also 
by changing the type of the component (B). 

[0304] Examples of the olefins which can be polymerized by the use of the olefin polymerization catalyst include: 
a-olefins of 2 to 20 caibon atoms, such as ethylene, propylene, 1-butene, 1-pentene, 3-methy1-1-butene. 1-hexene, 
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4-methyl-1-pentene, 3-methyl-1-pentene, 1-octene, 1-decene, l-dodecene, 1-tetradecene. 1-hexadecene, 1-octa- 
decene and 1-eicosene; 

cydoolefins of 3 to 20 cartx>n atoms, such as cyclopentene, cycloheptene. norbornene, S-methyl-Z-noitornene, 
tetracyclododecene and 2-methyl-1 ,4,5,8-dimethano-1 .2,3,4,4a,5.8,8a-octahydronaphthatene; 
polar monomers, e.g., unsaturated cartx)xylic acids including a.pHjnsaturated cartxxxylic acids, such as acrylic 
acid, methacrylic acid, fumaric add. maleic anhydride, itaconic acid, itaconic anhydride and bicyclo[2,2.1]'5-hep' 
tene-2,3-dicartx>xylic acid; metallic salts of these acids, such as sodium salts, potassium salts, lithium salts, zinc 
salts, magnesium salts and calcium salts; unsaturated carboxylic esters induding a,p-unsaturated carboxylic 
esters, such as methyl acrylate, ethyl acrylate, n-propyl acrylate, isopropyl aaylate, n-butyl acrytate. isobutyl acr- 
ylate. tert-butyl acrylate, 2-ethy!hexyl acrylate, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, iso- 
propyl methacrylate, n-butyl methacrylate and isobutyl methacrylate; vinyl esters, such as vinyl acetate, vinyl 
propionate, vinyl caproate, vinyl caprate. vinyl laurate, vinyl stearate and vinyl trif luoroacetate; and unsaturated gly- 
cidyl esters, such as glyddyl acrylate, glyddyl methacrylate and monoglycidyl itaconate. 

[0305] Vinylcydohexane, dienes and polyenes are also employable. 

[0306] The dienes and the polyenes are cydic or chain compounds having 4 to 30 carbon atoms, preferably 4 to 20 
cartx)n atoms, and having two or more double bonds. Examples of such compounds include butadiene, isoprene, 4- 
methyl-1,3-pentadiene, 1 ,3-pentadiene, 1 ,4-pentadiene, 1,5-hexadiene, 1 ,4-hexadiene, 1,3-hexadiene, 1,3-octadiene, 
1 ,4-octadiene, 1,5-octadiene, 1,6-octadiene, 1 ,7-octadiene, ethylidene nortx)rnene, vinyl norbornene and dicyclopen- 
tadiene; 

7-methyl-1,6-octadlene, 4-ethylidene-8-methyl-1,7-nonadiene and 5,9-dimethyl-1 ,4,8-decatriene; 
aromatic vinyl compounds including mono- or polyalkylstyrenes, such as styrene, o-methylstyrene, m-methylsty- 
rene, p-methyistyrene, o.p-dimethylstyrene, o-ethylstyrene, m-ethytstyrene and p*ethylstyrene; 
functional group-containing styrene derivatives, such as methoxystyrene. ethoxystyrene, vinylbenzoic acid, methyl 
vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene and divnylbenzene: and fur- 
ther. 

3-phenylpropylene, 4-phenylpropylene and a-methylstyrene. 

[0307] The olefin polymerization catalyst of the invention exhibits a high polymerization activity, and by the use of the 
catalyst, a polymer having a nanrow molecular weight distribution can be obtained. When two or nrrore kinds of olefins 
are copolymerized, an olefin copolymer having a narrow composition distribution can be obtained. 
[0308] The olefin polymerization catalyst of the invention can also be used for copolymerization of an a-olefin and a 
polar monomer. Examples of the a-olef ins employable herein include the same straight-chain or branched a-otef ins of 
2 to 30 carbon atoms, preferably 2 to 20 carbon atoms, as previously described. Examples of the polar monomers 
employable herein indude the same monomers as previously described. 

[0309] The olefin polymerization catalyst of the invention can also be used for copolymerization of an a-olefin and a 
conjugated diene. 

[0310] Exarrples of the a-olefins employable herein include the same straight-chain or branched a-olefins of 2 to 30 
cartx}n atoms, preferably 2 to 20 cartx)n atoms, as previously described. Of these, preferable are ethylene, propylene, 
1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene and 1-octene. Particularly preferable are ethylene and propylene. 
These a-olefins can be used singly or in combination or two or more kinds. 

[031 1 ] Examples of the conjugated dienes indude aliphatic conjugated dienes of 4 to 30 carbon atoms, preferably 4 
to 20 carbon atoms, such as 1 ,3-butadiene. isoprene, chloroprene, 1 ,3-cyclohexadiene, 1,3-pentadiene, 4-methyl-1.3- 
pentadiene, 1 ,3-hexadiene and 1 ,3-octadiene. These conjugated dienes can be used singly or in combination of two or 
more kinds. 

[031 2] According to the invention, a non-conjugated diene or polyene can also be used in the copolymerization of the 
a-olefin and the conjugated diene. Examples of the non-conjugated dienes and polyenes include 1 ,4-pentadiene, 1 ,5- 
hexadiene. 1 ,4-hexadiene. 1,4-octadiene, 1.5-octadiene, 1 ,6-octadlene. 1,7-octadiene, ethylidene norbornene, vinyl 
norbornene. dicyclopentadiene, 7-methyi- 1,6-octadiene, 4-ethylidene-8-methyl-1.7-nonadiene and 5,9-dimethyl-1 ,4,8- 
decatriene. 

EXAMPLE 

[031 3] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those exanples. 

[0314] The structures of the compounds obtained in the synthesis examples were determined by 270 MHz ^ H-NMR 
(Japan Electron Optics Laboratory GSH-270 Model), FT-IR (SHIMADZU FTIR-8200D Model), FD-mass spectrometry 
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(Japan Electron Optics Laboratory SX-102A Model), metal content analysis (analysis by ICP method after dry ashing 
and dissolution In dilute nitric add, device: SHIMADZU ICPS-8000 Model), and elemental analysis for cart>on, hydrogen 
and nitrogen (Helaus CHNO Model). The Intrinsic viscosity (ti) was measured in decalin at 135 °C. 

5 Synthesis Examole 1 

Synthesis of compound represented bv the formula (L1) 

[0315] In a 100-ml reactor, 1 .0 g (10.7 mmol) of aniline, 3.3 g (32.2 mmol) of concentrated hydrochloric acid and 5.4 
10 ml of water were vigorously stin'ed to give a solution, and the solution was cooled to 0 with ice. To the solution, a 
solution obtained by dissolving 0.75 g (1 0.7 mmol) of sodium nitrite (purity: 98.5 %) in 2.6 ml of water was slowly added 
with stirring so as to maintain the temperature at not higher than 5 ""C. After the dropwise addition was completed, the 
resulting mixture was stirred at 0 ""C for 1 hour to prepare a benzenediazonium chloride aqueous solution. In a different 
100-ml reactor, 2.22 g (10.7 mmol) of 2,4-di*t-butylphenol was dissolved in 3 ml of tetrahydrofuran. To the solution, an 
15 aqueous solution obtained by dissolving 2.22 g (53 mmol) of sodium hydroxide in 22 ml of water was added, and the 
resulting mixture was cooled to 0 ""C with ice. Then, the benzenediazonium chloride aqueous solution prepared above 
was dropwise added slowly with stirring, and the mixture was further stin*ed at 0 °C for 1 .5 hours. After the temperature 
of the reaction solution was raised to room temperature, to the solution was added 30 ml of diethyl ether to separate the 
solution into two phases. Then, the oil phase was washed with dilute hydrochloric acid and dehydrated on sodium sul- 
20 fate. The solvent was distilled off from the solution, and the remainder was purified by a silica gel column to obtain 2.56 
g (yield: 77 %) of a compound represented by the following formula (LI) as a deep red solid. 



25 



30 




(LI) 



35 



FD-mass spectrometry: (M"^) 310 
40 1 H-NMR (CDCI3): 1 .38(S, 9H), 1 .47(s. 9H), 7.40-7.95(m, 7H), 1 3.71 (s, 1 H) 

Synthesis of compound represented by the formula (a-1) 

[031 6] To a 1 00-ml reactor thoroughly dried and purged with argon. 1 .07 g (3.45 mmol) of the compound represented 
45 by the formula (L1) and 21 ml of diethyl ether were introduced, and they were cooled to -78 ""C and stirred. To the result- 
ing mixture, 2.25 ml of n-butyllithium (1 .60 mmol/ml-n-hexane solution, 3.45 mmol) was dropwise added over a period 
of 5 minutes, and they were slowly heated to room temperature and stirred at room temperature for 3 hours to prepare 
a lithium salt solution. The solution was dropwise added slowly to a mixture of 3.40 ml of a titanium tetrachloride solution 
(0.5 mmol/ml-heptane solution, 1 .70 mmol) and 21 ml of diethyl ether, said mixture having been cooled to -78 °C. 
50 [031 7] After the dropwise addition was completed, the reaction solution was slowly heated to room temperature with 
stirring. The reaction solution was further stirred for another 4 hours at room temperature, and then the solution was 
filtered through a glass filter to remove insolubles. The filtrate was concentrated under reduced pressure to precipitate 
a solid. The solid was dissolved in 2 ml of pentane and allowed to stand at -20 ''C to precipitate crystals. The crystals 
were vacuum dried to obtain 0.80 g (1 .01 mmol, yield: 59 %) of a compound represented by the following formula (a-1 ) 
55 as red black crystals. 
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5 



10 




(a-1) 



15 



FD-mass spectrometry: (M"^) 736 

^H-NMR(CDCl3): 1.31(s. 18H), 1.49(s. 18H). 7.00-7.95 (m, 14H) 
20 Elemental analysis: Ti: 6.7 % (calculated value: 6.5 %) 

Synthesis Example 2 

Synthggig Qf gpmpQMnci reprg$gnt^ by thg fgrmyla 

25 

[0318] To a 1 00-ml reactor thoroughly dried and purged with argon, 1 .07 g (3.45 mmol) of the compound represented 
by the formula (L1) and 21 ml of diethyl ether were Introduced, and they were cooled to -78 °C and stirred. To the result- 
ing mixture, 2.25 ml of n-butyllithlum (1 .61 mmol/ml-n-hexane solution, 3.45 mmol) was dropwise added over a period 
of 5 minutes, and they were slowly heated to room temperature and stirred at room temperature for 3 hours to prepare 
30 a lithium salt solution. The solution was dropwise added slowly to a mixture of 0.40 g (1.71 mmol) of zirconium tetra- 
chloride and 21 ml of diethyl ether, said mixture having been cooled to -78 ""C. 

[031 9] After the dropwise addition was completed, the reaction solution was slowly heated to room temperature with 
stirring. The reaction solution was further stirred for another 8 hours at room temperature, and then the solution was 
filtered through a glass filter to remove insolubles. The filtrate was concentrated under reduced pressure to precipitate 
35 a solid. The solid was dissolved In 2 ml of pentane and allowed to stand at -20 to precipitate crystals. The crystals 
were vacuum dried to obtain 1 .30 g (1 .66 mmol. yield: 97 %) of a compound represented by the following formula (b-1 ) 
as red black crystals. 



40 



45 




(b-1) 



55 FD-mass spectrometry: (M*^) 780 

^H-NMR (CDCI3): 1.37(s. 18H). 1.47(s, 18H). 6.75-7.95 (m, 14H) 
Elemental analysis: Zr: 1 1 .4 % (calculated value: 1 1.7%) 
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Synthesis Example 3 

Synthesis of compound represented bv the formula (L2) 

5 [0320] Using 2.0 g (21 .6 mmol) of aniline and 3.6g (21 .5 mmol) of 2-t-butyl-4-methytphenol as starting materials, in 
the same manner as in the synthesis of the compound represented by the formula (L1) in Synthesis Example 1, 4.98g 
(18.6 mmol, yield: 86 %) of a compound represented by the following formula (L2) as a vermilion solid, was synthesized. 



10 



IS 




{L2) 



20 



25 FD-mass spectrometry: (M*^) 268 

^H-NMR (CDCI3): 1.46(s. 9H). 2.37 (s, 3H). 7.15-7.95(m, 7H), 13.62 (s, 1H) 

Synthesis of compound represented by the formula (a-2) 

30 [0321 ] Using 1 .02 g (3.82 mmol) of the compound represented by the formula (L2). in the same manner as In the syn- 
thesis of the compound represented by the formula (a-1) in Synthesis Example 1 , 0.34 g (0.52 mmol, yield: 27 %) of a 
compound represented by the following formula (a-2) was synthesized as dark brown powder. 



35 



40 




(a-2) 



45 



FD-mass spectrometry: (M*) 653 
50 ^H-NMR (CDCI3): 1.46(s. 18H), 2.30-2.40(m, 6H), 7.00-7.90(m. 14H) 
Elemental analysis: T1: 7.3 % (calculated value: 7.3 %) 

Synthesis Example 4 

55 Synthesis of compound represented by the formula (b-2) 

[0322] Using 1 .02 g (3.8 mmol) of the compound represented by the formula (L2), in the same manner as in the syn- 
thesis of the compound represented by the formula (b-1) in Synthesis Example 2, 0.22 g (0.32 mmol, yield: 17%) of a 
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compound represented by the following formula (b*2) was synthesized as red brown crystals. 




(b-2) 



IS 



FD-mass spectrometry: (M"^) 696 

^H-NMR (CDCI3): 1.47(s. 18H). 2.38(s. 6H). 6.95-7.90 (m, 14H) 
20 Elemental analysis: Zr: 13.2 % (calculated value: 13.1%) 

Synthesis Example 5 

Synthesis of compound represented bv the formula (13) 

[0323] Using 1.77 g (10.0 mmol) of 2.6-cBiscpropylaniline and 1.94 g (10.0 mmol) of 2,4-dimethyIphenyltrimethylsilyl 
ether as starting materials, in the same manner as in the synthesis of the compound represented by the formula (L1) in 
Synthesis Example 1 . 1 .83 g (5.3 mmol. yield: 53 %) of a compound represented by the following formula (L3) was syn- 
thesized as a deep red solid. 

30 



iPrN^^iPr 

35 




45 FD-mass spectrometry: (M*) 346 

^H-NMR (CDCI3): 0.03(s. 9H), 1.15(d, 12H), 2.36(5. 3H), 2.50(s, 3H). 2.79(dq, 2H), 7.05-7.95(m, 5H) 

Synthesis of compound represented by the formula (c-3) 

50 [0324] To a 100-ml reactor thoroughly purged with argon. 0.47 g (3.6 mmol) of cobalt dichloride and 15 ml of THF 
were Introduced, and a solution of 1.21 g (3.5 mmol) the compound represented by the formula (L3) in 10 ml of THF 
was added to precipitate a yellow substance. The mixture was stin'ed for 1 hour and filtered through a glass fitter to sep- 
arate the precipitate. The resulting solid was subjected to reprecipitation with a diethyl ether/methylene chloride solu- 
tion, then washed with 50 ml of hexane and vacuum dried to obtain 1 . 13 g (yield: 68 %) of a compound represented by 

55 the following formula (c-3) as brown powder. 
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10 




(c-3) 



IS 

FD-mass spectrometry: (M"^) 476 

Elemental analysis: Co: 12.5% (calculated value: 12.4 %) 

Example 1 

20 

[0325] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was Introduced, and the liquid 
phase and the gas phase were saturated with 100 i/hr of ethylene. Thereafter, 1.1875 mmol (in terms of aluminum 
atom) of methylaluminoxane was added, and then 0.005 mmol of the compound represented by the formula (a-1) 
obtained in Synthesis Example 1 was added to initiate polymerization. The reaction was conducted at 25 ''C for 30 min- 
25 utes in an ethylene gas atmosphere at atmospheric pressure. Then, a small amount of isobutanol was added to termi- 
nate the polymerization. After the polymerization was completed, the reaction mixture was introduced into a large 
amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was 
filtered through a glass filter. The resulting polymer was vacuum dried at 80 ''C for 1 0 hours to obtain 0. 1 0 g of polyeth- 
ylene. 

30 [0326] The polymerization activity was 42 kg/rnoi-Ti • hr, and the intrinsic viscosity (ti) of the polyettiylene was 19.7 
dl/g. 

Examole 2 

3S [0327] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 I/hr of etiiylene. Thereafter. 0.25 mmol of triisobutytaluminum was 
added, and then 0.005 mmol of the compound represented by the formula (a-1) and 0.006 mmol of triphenylcarbe- 
niumtetrakis(pentafiuorophenyl)borate were successively added to initiate polymerization. The reaction was conducted 
at 25 ""C for 1 hour in an ethylene gas atmosphere at atmospheric pressure. Then, a small amount of isobutanol was 

40 added to terminate the polymerization. After the polymerization was completed, the reaction mixture was introduced 
into a large amount of mettianol to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and tiie 
mixture was filtered through a glass filter. The resulting polymer was vacuum dried at 80 °C for 10 hours to obtain 0.39 
g of polyethylene. 

[0328] The polymerization activity was 155 kg/mol-Ti • hr, and the intrinsic viscosity [r\) of ttie polyethylene was 25.9 
45 dl/g. 

Example 3 

[0329] Using the compound represented by the formula (b-1 ). polymerization reaction was conducted under the same 
50 conditions as in Example 1 . As a result, 0.07 g of polyetiiylene was obtained. The polymerization activity was 29 kg/mol- 
Zr • hr, and the intrinsic viscosity (ti) of the polyethylene was 9.5 dl/g. 

Example 4 

55 [0330] Using the compound represented by the formula (b-1 ), polymerization reaction was conducted under the same 
conditions as in Example 2. As a result. 0.32 g of polyethylene was obtained. The polymerization activity was 128 
kg/moi-Zr • hr, and tiie intrinsic viscosity (ti) of the polyetiiylene was 1 1 .2 dl/g. 
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Example 5 

[0331 ] Using the cx)mpound represented by the formula (a-2). polymerization reaction was conducted under the same 
conditions as in Example 1 . As a result, 0. 1 0 g of polyethylene was obtained. TTie polymerization activity was 40 kg/mol- 
5 Ti • hr. and the intrinsic viscosity {r\) of the polyethylene was 1 6.9 dl/g. 

Example 6 

[0332] Using the compound represented by the formula (a-2). polymerization reaction was conducted under the same 
10 conditions as in Example 2. As a result, 0.70 g of polyethylene was obtained. The polymerization activity was 280 
kg/mol-Ti • hr. and the intrinsic viscosity (n) of the polyethylene was 26.3 dl/g. 

Example 7 

IS [0333] Using the compound represented by the formula (b-2), polymerization reaction was conducted under the same 
conditions as in Example 1 . As a result, 0.06 g of polyethylene was obtained. The polymerization activity was 24 kg/mol- 
Zr * hr, and the intrinsic viscosity of the polyethylene was 9.7 dl/g. 

Examples 

20 

[0334] Using the compound represented by the formula (b-2). polymerization reaction was conducted under the same 
conditions as in Example 2. /\s a result, 0.50 g of polyethylene was obtained. The polymerization activity was 200 
l^g/mol-Zr • hr, and the intrinsic viscosity (j\)oi the polyethylene was 5.6 dt/g. 

25 Example 9 

[0335] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 1/hr of ethylene. Thereafter, 0.25 mmol of triisobutylaluminum was 
added, and then 0.005 mmol of the compound represented by the formula (c-3) was added to initiate polymerization. 
30 The reaction was conducted at 250 for 1 hour In an ethylene gas atmosphere at atmospheric pressure. Then, a small 
amount of isobutand was added to terminate the polymerization. After the polymerization was completed, the reaction 
mixture was introduced into a large amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric 
acid was added, and the mixture was filtered through a glass filter. The resulting polymer was vacuum dried at 80 °C 
for 10 hours to obtain 0.03 g of polyethylene. The polymerization activity was 12 Kg/mol-Co • hr, and the intrinsic viscos- 
es ity (ti) of the polyethylene was 3.9 dl/g. 

Synthesis Example 6 

Svnthesis of compoun d represented bv the formula rL4) 

40 

[0336] To a 100-ml reactor thoroughly purged with nitrogen, 10 ml of ethanol, 0.61 g (6.52 mmol) of aniline and 0.95 
g (5.43 mmol) of 1 •(2,4.6-triisopropylphenyl)-1 .3-butanedione were introduced, and 5 g of molecular sieves 3A and 1 ml 
of acetic acid were added. Then, the mixture was heated to 80 °C and stirred for 3 hours. The reaction solution was 
concentrated under reduced pressure, and the concentrate was purified by a silica gel column to obtain 0.60 g (1.53 
45 mmol. yield: 47 %) of a compound represented by the following formula (L4) as grayish white crystals. 



so 



55 
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iPr (L4) 



FD-mass spectrometry: (M"^) 391 

^H-NMR (CDCI3): 1.2-1.4{m. 18H). 1.59(s. 1H). 2.09(s, 3H), 2.90(clt, 1H). 3.11(dt. 2H), 5.38(s, 1H), 7.00(s, 2H). 
7.1-7.5(m, 5H) 

25 

Synthesis of compound represented bv the formula (a-4) 

[0337] To a 1 00-ml reactor thoroughly dried and purged with argon, 0.31 g (0.85 mmol) of the compound represented 
by the formula (L4) and 10 ml of diethyl ether were introduced, and they were cooled to -78 °C and stirred. To the result- 

30 ing mixture, 0.53 ml of n-butyllithium (1 .61 mmolAnl-n-hexane solution, 0.85 mmol) was dropwise added over a period 
of 5 minutes, and they were slowly heated to room temperature and stirred at room temperature for 3 hours to prepare 
a lithium salt solution. The solution was dropwise added slowly to a mixture of 0.84 ml of a titanium tetrachloride solution 
(0.5 mmol/ml-heptane solution, 0.42 mmol) and 6 ml of tetrahydrofuran, said mixture having beet) cooled to -78 **C. 
After the dropwise addition was completed, the reaction solution was slowly heated to room temperature with stirring. 

35 The reaction solution was further stirred for another 8 hours at room temperature, and the solvent was distilled off from 
the solution under reduced pressure. The remainder was dissolved in 10 ml of metiiylene chloride, and the solution was 
filtered through a glass filter to remove insolubles. The filtrate was concentrated under reduced pressure to precipitate 
a solid. The solid was recrystallized from hexane and vacuum dried to obtain 0. 1 7 g (0.20 mmol, yield: 48 %) of a com- 
pound represented by tiie following formula (a-4) as blacMsh brown powder. 

40 



45 



50 




(a-4) 
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FD-mass spectrometry: (M*^) 842 

Elemental analysis: Tl: 6.0 % 
5 Synthesis Example 7 

Synthesis of compound represented bv the formula (b-4) 

[0338] To a 1 00-ml reactor thoroughly dried and purged with argon, 0.49 g (1 .35 mmol) of the compound represented 
10 by the formula (L4), 1 2 ml of diethyl ether and 1 8 ml of tetrahydrof uran were introduced, and they were cooled to -78 ""C 
and stirred. To the resulting mixture, 0.84 ml of n-butyllithium (1 .61 mmol/mlHfi-hexane solution, 1 .35 mmol) was drop- 
wise added over a period of 5 minutes, and they were slowly heated to room temperature and stirred at room tenpera- 
ture for 3 hours to prepare a lithium salt solution. The solution was dropwise added slowly to a mixture of 0.25 g (0.67 
mmol) of a zirconium tetrachloride-THF complex and 10 ml of tetrahydrof uran, said mixture having been cooled to -78 
IS <'C. After the dropwise addition was completed, the reaction solution was slowly heated to room temperature with stir- 
ring. The reaction solution was further stirred for another 8 hours at room temperature, and the solvent was distilled off 
from the solution under reduced pressure. The remainder was dissolved In 10 ml of methylene chloride, and the solution 
was filtered through a glass filter to remove insolubles. The filtrate was concentrated under reduced pressure to precip- 
itate a solid. The solid was recrystallized from hexane and vacuum dried to obtain 0.36 g (0.41 mmol, yield: 61%) of a 
20 compound represented by the fbllowing formula (b-4) as yellow powder. 




(b-4) 



40 

FD-mass spectrometry: (M*) 887 
Elemental analysis: Zr: 10.5 % 

Synthesis Example 8 

45 

Synthesis of compound represented by the formula (L5) 

[0339J To a 100-ml reactor thoroughly purged with nitrogen, 10 ml of ethanol, 0.61 g (6.52 mmol) of aniline and 1 .1 1 
g (5.43 mmol) of 1-(2,4,6-trimethylphenyl)-1,3-butanedione were introduced, and 5 g of molecular sieves 3A and 1 ml 
50 of acetic acid were added. Then, the mixture was heated to 80 ""C and stirred for 3 hours. The reaction solution was 
concentrated under reduced pressure, and the concentrate was purified by a silica gel column to obtain 1.29 g (4.62 
mmol, yield: 85 %) of a conpound represented by the fbllowing formula (L5) as an orange oil. 
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(L5) 



FD-mass spectrometry: (M'*^) 279 
Synthesis of compound represented by the formula (b-5) 

[0340] To a 1 00-ml reactor thoroughly dried and purged with argon, 0.67 g (2.40 mmol) of the compound represented 
by the formula (L5), 10 ml of diethyl ether and 5 ml of tetrahydrofuran were introduced, and they were cooled to -78 ''C 
and stirred. To the resulting mixture* 1.61 ml of n-butyilithium (1.55 mmol/ml-n-hexane solution, 2.50 mmol) was drop- 
wise added over a period of 5 minutes, and they were slowly heated to room temperature and stirred at room tempera- 

30 ture for 3 hours to prepare a lithium salt solution. The solution was dropwise added slowly to a mixture of 0.25 g (0.67 
mmoQ of zirconium tetrachloride and 10 ml of tetrahydrofuran. said mixture having been cooled to -78 **C. After the 
dropwise addition was completed, the reaction solution was slowly heated to room temperature with stirring. The reac- 
tion solution was further stirred for another 8 hours at room temperature, and the solvent was distilled off from the solu- 
tion under reduced pressure. The remainder was dissolved in 1 0 ml of methylene chloride, and the solution was filtered 

35 through a glass filter to remove insolubles. The filtrate was concentrated under reduced pressure to precipitate a solid. 
The solid was recrystallized from hexane and vacuum dried to obtain 0.47 g (0.65 mmol, yield: 54 %) of a compound 
represented by the following formula (b-5) as yellow powder. 



40 



45 



SO 




{b-5) 



FD-mass spectrometry: (M*) 718 

^H-NMR (CDCl3):2.00-2.50(m, 24H). 5.20-5.60(m. 2H). 6.75-6.95(m, 4H), 7.10-7.50(m. 10H) 
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Elemental analysis: Zr: 12.5 % 
Example 10 

5 [0341 ] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 t/hr of ethylene. Thereafter, 1.1875 mmol (in terms of aluminum 
atom) of methylaluminoxane was added, and then 0.005 mmol of the compound represented by the formula (a-4) 
obtained in Synthesis Example 6 was added to initiate polymerization. The reaction was conducted at 25 ""C for 30 min- 
utes in an ethylene gas atmosphere at atmospheric pressure. Then, a small amount of isobutanol was added to termi- 

10 nate the polymerization. After the polymerization was completed, the reaction mixture was introduced Into a large 
amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was 
filtered through a glass filter. The resulting polymer was vacuum dried at 80 °C for 10 hours to obtain 0.10 g of polyeth- 
ylene. 

[0342] The polymerization activity was 40 kg/md-Ti • hr, and the intrinsic viscosity (r\) of the polyethylene was 6.5 dl/g. 

IS 

Example 1 1 

[0343] To a 500-ml glass autoclave thoroughly purged with nitrogen. 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter. 0.25 mmol of triisobutylaluminum was 

20 added, and then 0.005 mmol of the compound represented by the formula (a-4) and 0.006 mmol of triphenylcarbe- 
niumtetrakis(pentaf luorophenyl)borate were added to initiate polymerization. The reaction was conducted at 25 "C for 
1 hour in an ethylene gas atmosphere at atmospheric pressure. Then, a small amount of isobutanol was added to ter- 
minate the polymerization. After the polymerization was completed, the reaction mixture was introduced into a large 
amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was 

25 filtered through a glass filter. The resulting polymer was vacuum dried at 80 ""G for 1 0 hours to obtain 0.30 g of polyeth- 
ylene. 

[0344] The polymerization activity was 120 kg/mol-Ti * hr. and the intrinsic viscosity (r|) of the polyethylene was 4.1 
dl/g. 

30 Example 12 

[0345] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter, 1.1875 mmol (in terms of aluminum 
atom) of methylaluminoxane was added, and then 0.005 mmol of the compound represented by the formula (b-4) 

35 obtained in Synthesis Example 7 was added to initiate polymerization. The reaction was conducted at 25 ''C for 30 min- 
utes in an ethylene gas atmosphere at atmospheric pressure. Then, a small amount of isobutanol was added to termi- 
nate the polymerization. After the polymerization was completed, the reaction mixture was introduced into a large 
amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was 
filtered through a glass filter. The resulting polymer was vacuum dried at 80 ""C for 10 hours to obtain 0.60 g of polyeth- 

40 yiene. 

[0346] The polymerization activity was 60 kg/nx)l-Zr • hr, and the intrinsic viscosity (ii) of the polyethylene was 6.8 dl/g. 
Example 13 

45 [0347] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the Tiqukl 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter. 0.25 mmol of triisobutylaluminum was 
added, and then 0.005 mmol of the compound represented by the formula (b-4) and 0.006 mmol of triphenylcarbe- 
niumtetrakis(pentafluorophenyl)borate were added to initiate polymerization. The reaction was conducted at 25 ''C for 
1 hour in an ethylene gas atmosphere at ordinary pressure. Then, a small amount of isobutanol was added to terminate 

so the polymerization. After the polymerization was completed, the reaction mixture was introduced into a large amount of 
methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was filtered 
through a glass filter. The resulting polymer was vacuum dried at 80 ""C for 10 hours to obtain 0.30 g of polyethylene. 
[0348] The polymerization activity was 120 kg/mol-Zr • hr, and the intrinsic viscosity (t^) of the polyethylene was 6.8 
dl/g. 

55 

[0349] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
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phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter. 0.25 mmol of triisotxitylaluminum was 
added, and then 0.005 mmol of the compound represented by the formula (b-S) and 0.006 mmol of triphenylcarbe- 
niumtetrakis(pentafluorophenyl)borate were added to initiate polymerization. The reaction was conducted at 25 ''C for 
1 hour in an ethylene gas atmosphere at atmospheric pressure. Then, a small amount of isobutanol was added to ter- 
5 minate the polymerization. After the polymerization was completed, the reaction mixture was introduced into a large 
amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was 
filtered through a glass filter. The resulting polymer was vacuum dried at 80 ""C for 10 hours to obtain 0.20 g of polyeth- 
ylene. 

[0350] The polymerization activity was 80 kg/mol-Zr • hr, and the intrinsic viscosity (ti) of the polyethylene was 7.5 dl/g. 

10 

Synthesis Example 9 

Synthesis of compound represented by the formula (L6^ 

IS [0351 ] To a 500-ml reactor thoroughly dried and purged with argon. 2.3 g (8.94 mmol) of 2.2'-iminodlbenzoic acid and 
50 ml of THF were introduced, and they were cooled to -20 ^C. At that temperature, 90 ml of a THF solution (0.3 M) of 
bis(1-methylpiperazine-4-yl) aluminum hydride was dropwise added with stirring. Then, the temperature of the system 
was raised, and the reaction was conducted for 24 hours under reflux. The reaction solution was allowed to stand for 
cooling to room temperature. To the solution, 1 00 ml of diethyl ether was added, and 1 50 ml of water was further added 

20 slowly with ice cooling. The oil layer obtained by phase separation was concentrated and subjected to isolation by 
means of silica gel column chromatography to obtain 673 mg of 2,2*-iminodlbenzaldehyde. To a 100-ml reactor thor- 
oughly dried and purged with argon. 650 mg (2.89 mmol) of the 2,2'-iminodiben2aldehyde, 699 mg (5.77 mmol) of 2,6- 
dimethylaniline, 50 ml of dehydrated methanol and 0.2 ml of acetic acid were introduced, and they were reacted at room 
temperature for 12 hours. From the reaction solution, the solvent was distilled off, and the remainder was subjected to 

85 isolation by means of silica gel column chromatography to obtain 237 mg (yield: 6.1 %) of a compound represented by 
the following formula (L6). 



30 



35 




(L6) 



40 



^H-NMR (CDCI3. 6): 2.21(s. 12H), 4.96(5. 1H), 6.37-7.74(m, 14H), 8,21(2H) 
45 Synthesis of compound represented by the formula (d-6) 

[0352] To a 30-ml reactor thoroughly dried and purged with argon. 200 mg (0.46 mmol) of the compound represented 
by the formula (L6) and 20 ml of THF were introduced, and they were cooled to -78 *C and stinred. To the resulting mix- 
ture. 2.9 ml of an n-butyllithium-hexane-THF solution (0.16 M) was dropwise added, and they were slowly heated to 

50 room temperature and stirred for 1 hour to prepare a lithium salt solution. To a 30-ml reactor thoroughly dried and 
purged with argon. 58.7 mg (0.46 mmol) of ferrous chloride and 20 ml of THF were introduced, and they were stirred at 
room temperature for 2 hours and cooled to -78 °C. Then, the lithium salt solution previously prepared was dropwise 
added. After the dropwise addition was completed, the reaction solution was slowly heated to room temperature, and 
the solution was stirred at that temperature for 3 hours. Then, the solution was filtered through a glass filter. The filtrate 

55 was concentrated to give 5 ml of a concentrate, and thereto was added 5 ml of n-pentane. The resulting precipitate was 
filtered, then washed with 10 ml of n-pentane and dried under reduced pressure to obtain 203 mg (yield: 85 %) of a 
conpound represented by the following formula (d-6). 
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(d-6) 



15 

FD-mass spectrometry: (M"^) 521 
Exampig 1$ 

20 

[0353] To a 500-mi glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was Introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. TTiereafter, 1.1875 mmol (in terms of aluminum 
atom) of methylaluminoxane was added, and then 0.005 mmol of the compound represented by the formula (d-6) was 
added to initiate polymerization. The reaction was conducted at 25 ^'C for 30 minutes in an ethylene gas atmosphere at 
25 ordinary pressure. Then, a small amount of isobutanol was added to terminate the polymerization. After the polymeri- 
zation was completed, the reaction mixture was introduced Into a large amount of methanol to precipitate a total amount 
of a polymer. Then, hydrochloric acid was added, and the mixture was filtered through a glass filter. The resulting poly- 
mer was vacuum dried at 80 ''C for 1 0 hours to obtain 0.01 g of polyethylene. The polymerization activity was 4 kg/mol- 
Fe • hr. 

30 

Synthesis Example 10 

Synthesis of compound represented bv the formula (a-6) 

35 [0354] To a 30-ml reactor thoroughly dried and purged with argon, 1 00 mg (0.23 mmol) of the compound represented 
by the formula (L6) and 20 ml of THF were introduced, and they were cooled to -78 ®C and stirred. To the resulting mix- 
ture, 1.5 ml of an n-butyllithium-hexane-THF solution (0.16 M) was dropwise added, and they were slowly heated to 
room temperature and stirred for 1 hour to prepare a lithium salt solution. To a 30-ml reactor thoroughly dried and 
purged with argon, 43.6 mg (0.23 mmol) of titanium tetrachloride and 20 ml of THF were introduced, and they were 

40 stirred at room temperature for 2 hours and cooled to -78 ""C. Then, the lithium salt solution previously prepared was 
dropwise added. After the dropwise addition was completed, the reaction solution was slowly heated to room tenpera- 
ture, and the solution was stirred at that temperature for 3 hours. Then, the solution was filtered through a glass filter. 
The filtrate was concentrated to give 5 ml of a concentrate, and thereto was added 5 ml of n-pentane. The resulting pre- 
cipitate was filtered, then washed with 10 ml of n-pentane and dried under reduced pressure to obtain 83 mg (yield: 62 

45 %) of a compound represented by the following formula (a-6). 

FD-mass spectrometry: (M*^) 584 
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20 Example 16 

[0355] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter. 1.1875 mmol (in terms of aluminum 
atom) of methylaluminoxane was added, and then 0.005 mmol of the compound represented by the formula (a*6) was 

25 added to initiate polymerization. The reaction was conducted at 25 ""C for 30 minutes in an ethylene gas atmosphere at 
ordinary pressure. Then, a small amount of isobutanol was added to terminate the polymerization. After the polymeri- 
zation was completed, the reaction mixture was introduced into a large anfx}unt of methanol to precipitate a total amount 
of a polymer. Then, hydrochloric acid was added, and the mixture was filtered through a glass filter. TTie resulting poly- 
mer was vacuum dried at 80 ""C for 1 0 hours to obtain 0.05 g of polyethylene. The polymerization activity was 21 kg/mol- 

30 Ti'hr. 

Synthesis Example 1 1 

Synthesis of compound represented by the formula (b-6) 

35 

[0356] To a 30-ml reactor thoroughly dried and purged with argon, 200 mg (0.23 mmol) of the compound represented 
by the formula (L6) and 20 ml of THF were introduced, and they were coded to -78 ''C and stirred. To the resulting mix- 
ture, 1.5 ml of an n-butyllithium-hexane-THF solution (0.16 M) was dropwise added, and they were slowly heated to 
room temperature and stirred for 1 hour to prepare a lithium salt solution. To a 30-ml reactor thoroughly dried and 

40 purged with argon, 53.6 mg (0.23 mmol) of zirconium tetrachloride and 20 ml of THF were introduced, and they were 
stirred at room temperature for 2 hours and cooled to -78 °C. Then, the lithium salt solution previously prepared was 
dropwise added. After the dropwise addition was completed, the reaction solution was slowly heated to room tempera- 
ture, and the solution was stirred at that temperature for 3 hours. Then, the solution was filtered through a glass filter. 
The filtrate was concentrated to give 5 ml of a concentrate, and thereto was added 5 ml of n-pentane. The resulting pre- 

45 cipitate was filtered, then washed with 10 ml of n-pentane and dried under reduced pressure to obtain 53 mg (yield: 37 
%) of a compound represented by the following formula (b-6). 

FD-mass spectrometry: {M*) 626 

so . 
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(b-6) 



Example 17 

[0357] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter, 1.1875 mmol (in terms of aluminum 
atom) of methylalumlnoxane was added, and then 0.005 mmol of the compound represented by the formula (d-6) was 
added to initiate polymerization. The reaction was conducted at 25 °C for 30 minutes in an ethylene gas atmosphere at 
atmospheric pressure. Then, a small amount of isobutanol was added to terminate the polymerization. After the polym- 
erization was completed, the reaction product was introduced into a large amount of methanol to precipitate a total 
amount of a polymer. Then, hydrochloric acid was added, and the mixture was filtered through a glass filter. The result- 
ing polymer was vacuum dried at 80 ""C for 10 hours to ot>tain 0.12 g of polyethylene. The polymerization activity was 
42 kg/mol-Zr • hr. 

Synthegi? Exampigi2 

Synthesis of compound represented by the formula (L7) 

[0358] In argon, a solution of 2.0 g (1 6.8 mmol) of anthranil in 10 ml of THF was dropwise added at room temperature 
to 100 ml of a THF solution of phenylzinc chloride prepared from 36 ml (33.8 mmol) of a phenyllithium solution (0.94 
mmol/ml) and 4.63 g (34 mmol) of zinc chloride. After stirring for 12 hours, 5 ml of 6N hydrochloric acid and then 50 ml 
of a 10 % Na2C03 aqueous solution were added to terminate the reaction. Separation of the organic phase, removal of 
solvent by distillation and column purification were carried out to obtain 2.20 g (11.2 mwol yield: 67 %) of tiie corre- 
sponding formyl compound as yellow crystals. 

[0359] 0.79 g (4.0 mmol) of the fbrmyl compound obtained above was dissolved in 1 .0 g (10.0 mmol) of cydohexy- 
lamine and the solution was stirred at room temperature for 12 hours. The mixture liquid was vacuum dried to remove 
the excessive cyclohexylamine, whereby 1.13 g (4.0 mmol, yield: 100 %) of a compound represented by the following 
formula (L7) was obtained as yellow oil. 




(L7) 
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^H-NMR (CDCI3): 1.2-2.0 (m. 10H), 3.19 (dt, 1H), 6.7-7.4 (m. 9H), 8.43 (s. 1H). 11.47 (brs, 1H) 

5 Synthesis of compound represented by the formula (a-7) 

[0360] To a 100-mI reactor thoroughly dried and purged with argon. 0.56 g (2.0 mmol) of the compound represented 
by the formula (L7) and 10 ml of diethyl ether were introduced, and they were cooled to -78 °C and stirred. To the result- 
ing mixture, 1 .24 ml of n-butyllithium (1 .61 N hexane solution, 2.0 mmol) was dropwise added over a period of 5 minutes, 

10 and they were slowly heated to room temperature to prepare a lithium salt solution. The solution was dropwise added 
to a mixture of 2.0 ml of a 0.5N titanium tetrachlorlde-decane solution and diethyl ether, said mixture having been 
cooled to -78 **C. The solution was slowly heated to room temperature and stirred for 12 hours. Then, the reaction solu- 
tion was filtered and washed with methylene chloride. The solvent was distilled off from the filtrate. The resulting solid 
was subjected to reprecipitation with diethyl ether/hexane to obtain 0.21 g (yield: 31%) of a compound represented by 

15 the following formula (a-7) as red brown powder. 



20 



25 




(a-7) 



30 



^H-NMR {CDCI3): 0.9-2.4(m, 20H), 3.3-3.6(m, 2H), 6.8-7.8 (m, 18H), 8.60{brs, 2H) • 
35 Svnthests Example 13 

Synthesis of comoound represented bv the formula (b-7) 

[0361 ] To a lOO-ml reactor thoroughly dried and purged with argon. 0.56 g (2.0 mmol) of the compound represented 
by the formula (L7) and 5 ml of diethyl ether were introduced, and they were cooled to -78 ""C and stirred. To the result- 
ing mixture, 1 .24 ml of n-butylllthium (1 .61 N hexane solution, 2.0 mmol) was dropwise added over a period of 5 minutes, 
and they were slowly heated to room temperature to prepare a lithium salt solution. The solution was dropwise added 
to a THF solution of 0.38 g (1 .0 mmol) of a zirconium tetrachloride/2THF complex, said THF solution having been 
cooled to -78 ^'C. The resulting solution was slowly heated to room temperature and stirred for 12 hours. Then, the sol- 
vent was distilled off, and the resulting solid was washed with methylene chloride and filtered. TTie solvent was distilled 
off from the filtrate, and the resulting solid was reslunried in hexane to obtain 0.37 g (yield: 52 %) of a compound repre- 
sented by the following formula (b-7) as orange powder. 
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10 




(b-7) 



IS 



^H-NMR (CDCI3): 1.0-2.0(m. 20H), 3.7-3.98(m, 2H), 6.8-7.5(m, 18H). 8.1-8.3(m» 2H) 
FD-MS(M+): 716 

20 

Example 18 

[0362] To a SOO-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with ethylene. Thereafter, 1 .25 mmol (in terms of aluminum atom) of methyl- 

25 aluminoxane was added, and then 0.005 mmol of the compound represented by the formula (a-7) was added to initiate 
polymerization. The reaction was conducted at 25 for 30 minutes in an ethylene gas atmosphere at atmospheric 
pressure. After the polymerization was conpleted, the reaction mixture was introduced into a large amount of methanol 
to precipitate a total anx)unt of a polymer. Then, hydrochloric acid was added, and the mixture was filtered through a 
glass filter. The resulting polymer was vacuum dried at 80 °C for 10 hours to obtain 0.09 g of polyethylene (PE). 

30 [0363] The polymerization activity was 40 kg/mol-Ti • hr. and the intrinsic viscosity (ti) of the polyethylene was 1 1 .0 
dl/g. 

Example 19 

35 [0364] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with ethylene. Thereafter. 0.25 mmol of triisobutylaluminum was added, and 
then 0.005 mmol of the compound represented by the formula (a-7) and 0.006 mmol of triphenylcart)eniumtetrakis(pen- 
tafluorophenyl)borate were added to initiate polymerization. Tlie reaction was conducted at 25 for 15 minutes in an 
ethylene gas atmosphere at atmospheric pressure. After the polymerization was completed, the reaction mixture was 

40 introduced into a large amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was 
added, and the mixture was filtered through a glass filter. The resulting polymer was vacuum dried at 80 ""C for 10 hours 
to obtain 0.15 g of polyethylene (PE). 

[0365] The polymerization activity was 120 kg/rnol-Ti • hr. and the intrinsic viscosity (71) of the polyethylene was 30.2 
dl/g. 

45 

Example 20 

[0366] To a 500-ml glass autoclave thoroughly purged with nitrogen. 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with ethylene. Thereafter, 1.25 mmol (in terms of aluminum atom) of methyl- 

50 aluminoxane was added, and then 0.005 mmol of the compound represented by the formula (b-7) was added to initiate 
polymerization. The reaction was conducted at 25 ®C for 30 minutes in an ethylene gas atmosphere at atmospheric 
pressure. After the polymerization was conpleted. the reaction mixture was introduced into a large amount of methanol 
to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was filtered through a 
glass filter. The resulting polymer was vacuum dried at 80 ""C for 10 hours to obtain 0.08 g of polyethylene (PE). 

55 [0367] The polymerization activity was 30 Kg/mol-Zr • hr, and the intrinsic viscosity {r\) of the polyethylene was 1 6.9 
dl/g. 
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Example 21 

[0368] To a SOO-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with ethylene. Thereafter, 0.25 mmol of triisobutytaluminum was added, and 
then 0.005 mmol of the compound represented by the formula (b-7) and 0.006 mmol of triphenylcarbeniumtetrakis(pen- 
tafluorophenyQborate were added to initiate polymerization. 

[0369] The reaction was conducted at 25 ""C for 20 minutes in an ethylene gas atmosphere at atmospheric pressure. 
After the polymerization was completed, the reaction mixture was introduced into a large amount of methanol to precip- 
itate a total anx)unt of a polymer. Then, hydrochloric acid was added, and the mixture was filtered through a glass filter. 
The resulting polymer was vacuum dried at 80 °C fbrlO hours to obtain 0.33 g of polyethylene (PE). 
[0370] The polymerization activity was 200 kgAnol-Zr • hr. and the intrinsic viscosity {r\) of the polyethylene was 9.44 
dl/g. 

Synthesis Example 14 

Synthesis of compound represented by the formula (L8) 

[0371] To a 50-ml reactor purged with nitrogen, 1 .32 g (60 % in oil, 33.0 mmol) of sodium hydride and 10 ml of DMF 
were introduced, and a solution of 5.63 g (30.0 mmol) of 3-t-butylsalicylaldehyde in 5 ml of DMF was dropwise added 
slowly with ice cooling. Ihe mixture was stinted at room temperature for 30 minutes, and then a DMF solution of 4.82 g 
(39.0 mmol) of dimethylthiocarbamoyi chloride was dropwise added. The resulting mixture was stirred at room temper- 
ature overnight, then treated with water and subjected to column purification to obtain 5.39 g of a yellow solid. 
[0372] In nitrogen. 4.50 g of the yellow solid was heat treated at 1 30 ""C, whereby exchange reaction of oxygen atom 
for sulfur atom proceeded. The resulting solid was subjected to column purification and dissolved in 30 ml of ethanol. 
The solution was reacted with 0.90 g (9.68 mmol) of aniline at room temperature for 5.5 hours in the presence of 0.1 ml 
of acetic acid and then subjected to column purification to obtain 0.21 g (0.62 mmol, yield: 13 %) of a compound repre- 
sented by the following formula (L8) as white crystals. 




^H-NMR (CDCI3,): 1.40(s, 9H), 3.01(s. 3H), 3.22(s, 3H), 6.6-8.0(m, 8H), 8.38(s. 1H) 
Synthesis of compound represented by the formula (b-8) 

[0373] In a 100-ml reactor thoroughly dried and purged with argon, 0.04 g (0.11 mmol) of a zirconium tetrachlo- 
ride/2THF conrplex was dissolved in 5 ml of THF. and the solution was cooled to -78 ®C. To the solution, a solution of 
0. 1 1 g (0.22 mmol) of the compound represented by the formula (LB) in 5 ml of THF was dropwise added, and they were 
heated to room temperature and stirred for 4 days. After the solvent was distilled off, the resulting solid was washed with 
methylene chloride and filtered. From the filtrate, the solvent was distilled off, and the resulting solid was reslurried in 
hexane to obtain a compound represented by the following formula (b-8) as yellow powder. 
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75 



FD-MS(M^): 698 

20 

Example 22 

[0374] To a 500-ml glass autCKlave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with ethylene. Thereafter, 1 .25 mmol (in terms of aluminum atom) of methyl- 

25 aluminoxane was added, and then 0.005 mniol of the compound represented by the formula (b-8) was added to initiate 
polymerization. The reaction was conducted at 25 ""C for 30 minutes in an ethylene gas atmosphere at atmospheric 
pressure. After the polymerization was completed, the reaction mixture was introduced into a large amount of methanol 
to precipitate a total amount of a polymer. Then, hydrochloric acid was added, and the mixture was filtered through a 
glass filter The resulting polymer was vacuum dried at 80 ''C fori 0 hours to obtain 0.35 g of polyethylene. 

30 [03751 The polymerization activity was 140 kg/rTX)l-Zr • hr. and the intrinsic viscosity (t|) of the polyethylene was 4.2 
dl/g. 

Example 23 

35 [0376] To a 500*ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with ethylene. Thereafter. 0.25 mmol of triisobutylalunninum was added, and 
then 0.005 mmol of the compound represented by the formula (b-8) and 0.006 mmol of triphenylcarbeniumtetrakis(pen- 
tafluorophenyl)borate were added to initiate polymerization. The reaction was conducted at 25 ''C for 1 hour in an eth- 
ylene gas atmosphere at atmospheric pressure. After the polymerization was completed, the reaction mixture was 

40 introduced into a large amount of methanol to precipitate a total amount of a polymer. Then, hydrochloric acid was 
added, and the mixture was filtered through a glass filter. The resulting polymer was vacuum dried at 80 "C for 10 hours 
to obtain 0.30 g of polyethylene (PE). 

[0377] The polymerization activity was 60 kg/mol-Zr • hr. and the intrinsic viscosity {r\) of the polyethylene was 9.2 dl/g. 
45 Synthesis Example 15 

Synthesis of compound represented by the formula (L9) 

[0378] To a 100-ml reactor thoroughly purged with nitrogen. 10 mi of ethanol, 0.61 g (5.00 mmol) of 2,6-dimethyl- 
50 aniline and 0.95 g (3.3 mmol) of 1-(2,4,6-triisopropylphenyl)-1,3-butanedione were introduced, and 5 g of nr)olecular 
sieves 3A and 1 ml of acetic acid were added. Then, the mixture was heated to 80 ^'C and stirred for 3 hours. The reac- 
tion solution was concentrated under reduced pressure, and the concentrate was purified by a silica gel column to 
obtain a compound as grayish white crystals. This compound was dissolved in diethyl ether and reacted with dia- 
zomethane to obtain 0.60 g (1.48 mmol, yield: 43 %) of a compound represented by the following formula (L9). 

55 
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15 




{L9) 



^H-NMR (CDCI3): 1.2-l.4(m. 18H), 1.62(s, 1H), 2.11(s. 3H). 2.30(s. 3H). 2.35(s. 3H), 2.92(clt. 1H). 3.14(dt, 2H), 
3.76(s, 3H). 5.40(s, IH). 7.00(s, 2H). 7.3-7.5(m. 3H) 

25 Synthesis of comtx^und represented by the formula (c-9) 

[0379] To a 100-ml reactor thoroughly purged with argon, 0.19 g (1 .50 mmol) of cobalt dichloride and 15 ml of THF 
were introduced, and thereto was added a solution of 0.60 g (1 .48 mmol) of the compound represented by the formula 
(L9) in 10 ml of THF at room temperature, followed by stirring for 1 hour. The precipitate was separated by filtration, and 
30 the resulting solid was washed with methylene chloride/diethyl ether to obtain 0.1 8 g (yield: 23 %) a brown powder rep- 
resented by the following formula (c-9). 



35 



45 




(c-9) 



FD-MS(M*):535 
Example 24 

55 

[0380] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene is introduced, and the liquid 
phase and the gas phase are saturated with 100 l/hr of ethylene. Thereafter, 1 .1875 mmol (in terms of aluminum atom) 
of methylaluminoxane is added, and then 0.005 mmol of the compound represented by the formula (c-9) is added to 
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initiate polymerization. The reaction is conducted at 25 ""C for 60 minutes in an ethylene gas atmosphere at atmospheric 
pressure. Then, a smalt amount of isobutanol is added to terminate the polymerization. After the polymerization is com- 
pleted, the reaction mixture is introduced into a large amount of methanol to precipitate a total amount of a polymer. 
Then, hydrochloric acid is added, and the mixture is filtered through a glass filter to obtain polyethylene. 

5 

Synthesis Example 10 

Synthesis of compound represented by the formula (L10) 

10 [0381] To a 200-ml reactor thoroughly purged with nitrogen, 100 ml of ethanol. 5.32 g (30.0 mmol) of 2,6-dimethyl- 
aniline and 3.75 g (20.0 mmol) of 3-t-butylsalicylaldehyde were Introduced, and thereto was added 0.5 ml of acetic add. 
Then, the mixture was stirred at room temperature for 14 hours. TTie reaction solution was concentrated under reduced 
pressure and purified by a silica gel column to obtain a compound as yellow oil. This compound was dissolved in meth- 
anol and reacted with dimethyl sulfuric acid to obtain 5.95 g (1 6.9 mmo\, yield: 85 %) of a compound represented by the 

75 following formula (L10). 



20 



25 




(LIO) 



^H-NMR (CDCI3,): 1.18(d, 12H). 1.49(s, 9H), 3.01(dt, 1H). 3.95(5, 3H). 6.9-7.5(m, 6H). 8.29(s, 1H) 

35 

Synthesis of compound represented bv the formula (d-1Q) 

[0382] In a 100-ml reactor thoroughly purged with argon, 0.25 g (2.0 mmol) of iron dichloride and 1 5 ml of THF were 
introduced, and thereto was added a solution of 0.70 g (2.0 mmol) of the compound represented by the formula (LIO) 
40 in 10 ml of THF at room temperature, followed by stirring for 1 hour. The precipitate was separated by filtration, and the 
resulting solid was washed with methylene chloride^diethyl ether to obtain 0.09 g (yield: 9%) of a brown powder repre- 
sented by the following formula (c-9). 




(d«10) 
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FD-MS(M*): 478 
5 Example 25 

[0383] To a 500-ml glass autcxjlave thoroughly purged with nitrogen. 250 ml of toluene Is introduced, and the liquid 
phase and the gas phase are saturated with 100 l/hr of ethylene. Thereafter. 0.25 mmol of triisobutylaluminum (TIBA) 
is added, and then 0.005 mmol of the compound represented by the formula (d-10) and 0.006 mmol of triphenylcarbe- 
10 niumtetrakjs(pentafluorophenyl)borate are added to Initiate polymerization. The reaction is conducted at 25 °C for 1 
hour in an ethylene gas atmosphere at atmospheric pressure. Tlien, a small anx)unt of isobutanoi is added to terminate 
the polymerization. After the polymerization is completed, the reaction mixture is introduced into a large amount of 
methanol to precipitate a total amount of a polymer. Then, hydrochloric acid is added, and the mixture is filtered through 
a glass filter to obtain polyethylene. 

15 

Claims 

1. An olefin polymerization catalyst comprising a transition metal compound (A-1) represented by the following for- 
mula (I): 

20 



25 




wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 

35 

m is an Integer of 1 to 3, 

Q is a nitrogen atom or a carton atom having a substituent R^, 

A is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^, 

R^ to R^ may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocarbon group, 

40 a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a boron- 

containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a ger- 
manium-containing group or a tin-containing group, two or more of them may be bonded to each other to form 
a ring, and when m is 2 or greater, R^s, R^. R^s, R ^ R^s, or R^s may be the same or different, and one group 
of R^ to R^ contained in one ligand and one group of R^ to R^ contained in other ligands may be bonded, 

45 n is a number satisfying a valence of M. and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus- 
containing group, a halogen-containing group, a heterocyclic compound residual group, a silicon-containing 
group, a germanium-containing group or a tin-containing group, and when n is 2 or greater. Xs may be the 

so same or different, and Xs may be bonded to each other to form a ring. 

2. The olefin polymerization catalyst as claimed In dalm 1 , wherein the transition metal compound (A-1) is a transition 
metal compound in which Q in the formula (1) is a carbon atom having a substituent R^ and which is represented 
by the following formula (1-a): 
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(l-a) 



wherein M, m, A, to R®, n and X have the same meanings as those of M, m, A, R^ to R^, n and X in the formula 
(1). 

15 

3. The olefin polymerization catalyst as claimed in daim 2, wherein the transition metal compound (A-1 ) is a transition 
metal compound in which R^ and R^ in the formula (l-a) are bonded to form an aromatic ring and which is repre- 
sented by the following formula (i-b): 



25 




(I-b) 



wherein M, m, A, R\ R^, R^, R^, n and X have the same meanings as those of M, m, A. R\ R^, R^, R^, n and X in 
the formula (I), 

35 

to R^° have the same meanings as those of to R^ In the formula (I), and 
R^ . R^ and R^ to R^° may be the same or different, two or more of them may be bonded to each other to form 
a ring, and when m is 2 or greater, R^s. R^s, R^s. R^s. R^s, R^s, R^s, or R^°s may be the same or different, 
and one group of R\ R^ and R^ to R^° contained in one ligand and one group of R\ R^ and R^ to R^° con- 
40 tained in other llgands may be bonded. 

4. The olefin polymerization catalyst as claimed in daim 1 , wherein the transition metal compound (A-1 ) is a transition 
metal compound in which Q in the formula (I) is a nitrogen atom and R^ and R"^ in the formula (I) are bonded to form 
an aromatic ring, and which is represented by the following formula (I-c): 

45 
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wherein M, m. A. R\ R^, R®. n and X have the same meanings as those of M, m. A. R\ R^, R®, n and X in the 
• formula (I). 

R^ to R^° have the same meanings as those of R^ to R^ in the formula (I), and 
5 R^ and R^ to R^^ may be the same or different, two or more of them may be bonded to each other to form a 

ring, and when m is 2 a greater, R^s, R^s, R^s, R^s. R^s, R^s, or R^°s may be the same or different, and one 
group of R^ and R^ to R^^ contained in one ligand and one group of R^ and R^ to R^^ contained in other ligands 
may be bonded. 

10 5. An olefin polymerization catalyst comprising a transition metal compound (A-2) represented by the following for- 
mula (II): 



IS 
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(ID 



wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table. 

25 

mis an integer of 1 to 6, 

Q is a nitrogen atom or a carbon atom having a substituent R^, 

A is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^, 

R^ to R^ and R^ may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocart)on 

30 group, a heterocyclic compound residual group, an oxygen-containing group, a nitrogen-containing group, a 

boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, 
a germanium-containing group or a tin-containing group, two or more of them may be bonded to each other to 
form a ring, and when m is 2 or greater. R^s, R^s, R^s, R'^s. or R^s may be the same or different, and one group 
of R^ to R'* and R^ contained in one ligand and one group of R^ to R^ and R^ contained in other ligands may 

35 be bonded, 

n is a number satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus- 
containing group, a halogen-containing group, a heterocyclic compound residual group, a silicon-containing 
40 group, a germanium-containing group or a tin-containing group, and when n Is 2 or greater, Xs may be the sane 

or different, and Xs may be bonded to each other to form a ring. 

6. The olefin polymerization catalyst as claimed in claim 5, wherein the transition metal compound (A-2) is a transition 
metal compound in which Q in the formula (II) is a carbon atom having a substituent R^ and which is represented 
45 by the following formula (ll-a): 




(Il-a) 



142 



EP0 990 664A1 

wherein M, m, A. to R'*. R®, n and X have the same meanings as those of M, m. A. R^ to R^. R®. n and X in the 
formula (il). 

The olefin polymerization catalyst as Claimed in claim 6, wherein the transition metal conrpound (A-2) is a transition 
metal compound in which R^ and R^ in the formula (ll-a) are tx)nded to form an aromatic ring and which is repre- 
sented t)y the following formula (ll-b): 




(Il-b) 



wherein M, m, A, R\ R^. R^, n and X have the same meanings as those of M. m, A. R\ R^, R^ n and X in the 
formula (II), 

when m is 1. A is a sulfur atom, a selenium atom or a nitrogen atom having a substituent R^, and when m is 2 
or greater, As may be the same or different, they are each an oxygen atom, a sulfur atom, a selenium atom or 
a nitrogen atom having a substituent R^. and at least one A is a sulfur atom, a selenium atom or a nitrogen 
atom having a substituent R^, 

R^ to R^° have the same meanings as those of R^ to R^ and R^ in the formula (II), and 
R\ r2 and R^ to R^° may be the same or different, two or more of them may be bonded to each other to form 
a ring, and when m is 2 or greater, R^s, R^s, R^s. R^s, R^s, R^s, or R^°s may be the same or different, and one 
group of R^ , R^ and R® to R^° contained in one ligand and one group of R\ R^ and R® to R^° contained in other 
ligands may be bonded. 

The olefin polymerization catalyst as claimed in daim 5, wherein the transition metal conpound (A-2) is a transition 
metal compound in which Q in the formula (II) is a nitrogen atom and R^ and R^ in the formula (II) are bonded to 
form an aromatic ring, and which is represented by the following formula (ll-c): 




(II-C) 



wherein M, m. A, R^ , R®, n and X have tine same meanings as those of M, m, A, R^ , R®, n and X in the formula (II), 

R^ to R^° have the same meanings as those of R^ to R"* and R® in the formula (II), and 
R^ and R^ to R^^ may be tiie same or different, two or more of them may be bonded to each other to form a 
ring, and when m is 2 or greater. R^s. R®s, R^s, R^. R®s. or R^°s may be the same or different, and one group 
of R^ and R^ to R^° contained in one ligand and one group of R^ and R^ to R^^ contained in other ligands may 
be bonded. 
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. The olefin polymerization catalyst as claimed In any one of claims 1 to 8. further comprising at least one compound 
(B) selected from the group consisting of: 

(B- 1 ) an organometallic compound, 

(B-2) an organoaluminum oxy-compound, and 

(B-3) a compound which reacts with the transition metal compound (A-1) or (A-2) to form an ton pair. 

0. The olefin polymerization catalyst as claimed in daim 9. further comprising a carrier (C). 

1 . A process for olefin polymerization, comprising polymerizing or copolymerizing an olefin in the presence of the ole- 
fin polymerization catalyst as claimed in any one of claims 1 to 1 0. 
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Fig. 1 



Transition metal component 




M: transition o&etal atom of Group 3 

to Group 11 of the periodic table 
m: 1 - 3 

A: -Se-, -N(R*)- 

- R*: H, bydrocaxbon group, etc. 
n: nunber satisfying a valence of M 
X: halogep, hydrocarbon group, etc* 
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Organometallic compound 
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Fig, 2 



Transition metal component 
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M: transition metal atom of Group 3 
to Group 11 o£ the periodic table 

m: 1 - 3 

Q: -N=, -C{K^)^ 

A: -0-, -S-, -Se-, -N(R^)- 

- R^: hydrocarbon group, etc. 

n: number satisfying a valence of M 

X: halogen, hydrocarbon group, etc. 



Organometallic component 




Organometallic compound 




Organoaluminum oxy-compound 



Ionizing ionic compound 
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